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This report covers work conducted from 16 January 1967 through 30 June 1967
by Fairchild Hiller, Republic Aviation Division under Contract No, DACA3S-
67-C-0003, '""Research Study for the D2sign of a YTOL Blast Controlling Plat-
form.”™ The contract was negotiated urnder 10 U,S.C. 2304{a){(11) and sponsored
by U.S. Army Materiel Command. Payment is to be made )y Special Disbursing
Agent, U.S. Army Engineer Waterways Experiment Station, Corps of Engi-
neers, P.O, Box 631, Vicksburg, Mississippi. Supplies and services obtained
are authorized by and chargeable to Military Allofiment 21X2040 708-3508 P5910
{5022-66) S22-~079.

Mr. John J. Brown was the Fairchild Hiller Program Manager. Mr. Michael
Pjcchielic and Mr. Frank Ringler were in charge of development of the design
concept. Mr, Daniel Dayboch and Mr., Warren Dervin conducted the thermo-
dynamic study under the direction cf Mr. Carl Roberts. Mr. Aaron Merkin and
Mr. Robert Moss were responsible for the structural analysie which was super-
vised by Mr, William Harris. Design requirements were formulated by Mr,
Richard Oliveto and Mr. Frank Dellosgo. The msaterial survey was conducted
by Mr. Julius Stock under the direction of Mr, Henry Kleindienst.
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ABSTRACT

The feasibility of the concept for a portable blast-diverting platform for vertical
takeoff and landing (VTOL) aircraft was previously demonsirated by scale model
tests. The platform would be assembled in the Beld from modules. Each moduie
consists of g structural base confaining air-deflector vanes and a load-bearing,
gridded top. The platform would direct aircrafl exhaust blast eway from the gir-
craft and irnto the air to prevent terrain erosion, hot gas ingestion, adverseground
effects, and ielltale "signature™ generated by miltitary activity.

The present research study to develop a design concept for a full-scale portable
modular platform included thermodynamic consideraticas, esteblishment of
design criteria, a materiais survey, and sitructural anslyses. In the develop-
ment of the design concept, ease of handling and fiel@ erection of the piatform,
minimization of special tooling, use of simplest manufscturing procedures,

and cost savings in all areas were also considered.

The study demonstrates that thig type of modular platform can be designed for
uge with aircraft of various weighis and engire exhaust characteristics.
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THERMODYNAMICS
A = required platform discharge area, ft2
Aj =  crogs sectional area of the jet, £ ,90
A8 = platform surface heat transfer area, ftz | #
At =  total attenuation of sound between scurce and receiver, the ;
algebraic sum of the attenuation values resulting from a number KR
of factors, A,, A,, 4,, and A_, db. |5
1 720 '3 4 s
A 1 = attenuation due to distance, db %
A2 = attenuation due to interaction with the atimosphere, db ?
A, = aitenuation due to shielding, db . g’
A = atbenunation due to bullding enclosure, db : %
= p 54
2
C, = ambient sound velocity, ft/sec ‘f&z
Cp = ppecific heat of the plaiform, Btu/Ib °F {;i
DI =  directivity ‘udex, db i
B it
d = diameter of exhaust nozzle, ft g
i,
d = distance from source to receiver %
4 ?e
F = net thruet, I
g = acceleration “ue to gravity, ft/sec’ ;2
h = platform surfac2 heat transfer ceefficient, Btu/hr °F ﬂ:2 % .
1
M = mass of platform, 1b £
p = platform discharge static pressure, psia .
P A =  acoustic power, watls &
Py = reference power, 10~ 15 watts Sy
0 1
vit >
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3
Pj = kinetic energy per unit time of the jet stream, watts 7 . ;
PWL = acoustic power level of the source, db reference w03 watts - ;
Qj = dynamic pressure at nozzle, ib/ft2 r
SPLR = gound pressure level at the receiver, db reference 0.0002 !i;
microbar
T = {emperature of the platform at any time, °F
Ta = ambient temperature, °F ,
Ty = platform discharge static temperature, °F
Tf = platform exposure temperature, °F
Tj = jet nozzle exhaust temperature, °F $
’.[‘0 = temperature of the platform at time 7= 0, °F
AT = T - To’ °F
\' = velocity of gas at platform discharge, ft/sec
Vj = expanded jet veloeity, ft/sec 3
W = gas flow, lb/sec
X =  height of nozzie above ground, ft
n = acoustic efficiency
P = density of gas at platform discharge, lb/ i’t3 f
P, =  ambient density, lb/! £t ;
pj =  density of the jet stream, ih»/ﬁ:3
viii
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1IST OF STHECLS ANN ABEREVIATIONS (Coitid) -

T = time, hr

o = Mcp/h&s, hr

e = (Tf— Ta) / Tj - Ta)
STRUCTURES

A = ares, in.z

Abr = grez in bearing, imz

A s =  area in shear, in.,2

At = area in tension, in.z

= base of elemesi, in.

[ = digtance from neuiral axis {o extreme fiber, in.
e = end fixity coefficient for columns
D = diameter, in.
E

= modulus of elasticity in tension, psi

v}
]

edge distance from center ‘of hole, in.
Fb =  bending stress, psi

Fbr =  bearing stress, psi

Fb m vitimate bearing stress, psi
Fc = compresgion stress, psi

Fcy = compression yield stress, psi

FB =  ghear stress, psi
F - = ultimate shear stress, psi
Ft = tensile stress, psi

Fm = ultimate ter=ile stress, psi
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LI3T OF SYMEOLS AND ARSREVIATIONS (Gmnt'd)

yield tuneile stress, pai
height of element, in.
moment of inertia, in,?
tengion efficiency factor for lugs
bearing efficiency factor for ugs
yieid factor for lugs
length, in.

effective length, in.
bending moment, in. b
margin of gafety
concentrated lead, ib
uitimate bearing load, Ib
ultimate tensile load Ib
vield tensile load, 1b
limit load, Ib

pressure, psi

reaction, lb

bendiug stress ratio
shear stress ratio
radius, in.

tension, 1b

thickness of material, in.
shear

width of lug, in.
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% LIST OF SYMBOLS AND. ABRREVIATIONS {Confa) R
3
e : ‘
y w = unfformly distribuied lozd, Ib/in, - . :
1; y = distance from neutral axis {0 given ﬁéer, in.
3 N
1 ¥ = distance from neutral axis to reference axis, in,
o = angle, degrees 7
o = radius of gyration, ia.
6 = angle, degrees )
LI
B_ = glenderness ratio
A = detlection, in. ]
£
Subscripts
L = left
R = right
ail = allowable
max = maximum
] min =  minimum
MATERIALS
A-286 = An industry designation for an iron-base superalioy. t
3 AMS =  Aeronautical Material Specification. Specifications for aircraft 3
] uge published by the Society of Automotive Engincers.

Ftu =  Ulidmate tensile stress (taken from standand tensile specimens)

Fty = Tensile yield stress at a permansent strain equal to 0.002 in,
(0.2%) tsken from staudard test specimen.
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!

Elong.%in2in. = A measure of ductility of the materiai hasedena R
tension test using a gage length of 2 inches on the ’

tensile specimen,

UTS = ultimate tensile strength
0.2% ¥S =  The yield strength in ksi taken from the siress-strain F
carve at an offset of 0.002 in. or 0.2%. -

Congutrode = electric vacuum (refining) meiting process.
o = coefficient of linear thermal expansion, in./in/°F x10~6
Charpy V-Notch = An impact test specimen incorporating a V-notch
used to establish the enexgy in foot pounds to fracture ¢

a material {see Federal Test Methods No. 151}, '
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SECTION 1
IHTRODUC TION

A concept was develcped for a portable blast~diverting platform for vexrticsl
takeoff and landing (VTOL) eircraft which would divert the aircraft exzhaust blast
away from the aireraft and direct it inio the air and thua avoid terrain erosion, -
hot gas ingesticn, adverse ground effects, and enemy detecticn. The platform
would be asgembled in the field from moduliar gections, each section containing
deflector vanes and being topped by a load~bearing grid.

Primsarily, this concept is based on the operation of VTOL gircrafl from the
same ground environment as that of the combat ™its to which the aiverafl is
sttached. The modular construction of the platiorm makes depicyment by para-
chute, helicopter, or truck feasible, and ereciion can be accomplished rapidly
with & minimum of equipment.

Logigtically, the blast-diverting platform creates 2 mobile VTOL base that can
be moved to new sites along with the troop support equipment, Several non-
directive madules aleng the perimeter of the platform, in nonexhuust areas,
can be used to stere aireraft maintenance tools and support equiprent,

The feasibility of this concept was previously demonsirated through scale-
model testing by Republic Aviation Coxporation. ¥

The purpose of the present research study is to develop 2 design concept for &
full-geale portable modular platform,

*Jee Feasibility Study on the Design and Development of a VTOL Blast Conirolling

Platform, Report No. 3-123, August 1965, spunsored by the U, S. Army Materiel
Command.
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SECTION It
DEVELCPMENT OF DESIGN CONCEPT

To establish platiorm characteristics and fuanctional effectiveness which will
result, after future detail design, in the production of platforms which ap~
proach the optimum satigfaction of their requirements, several related
factors must be considered. Existing and proposed VIOL aircraft vary in
configuration; weight; type of thrust components; temperaturs, velocity,
and volume of exhaust blast; and location and size of engine exhanst blast
areas. These factors, wher combined, affect the platform size, structural
requirements, material, configuration of deflecting vanes, and platform ex-
haust area. Additicnal evaluections must be made with regard to the size and
weight of the basic module, the ease of fasbrication, the simplification of

tooling, the minimization of material and mamifacturing costs, transportation,

the ease of site preparation and platform assembly in the field, as well as the
thermodynamic, aerodynamic, and structural aspects of design.

All of the above factors have beer considered in the development of the plat-
form design concept. Thermodynamicaily, engine exhaust characteristics
for various types of VTOL aircraft, maximum platform exposure tempera-
tures during takeoff and hovering, platform transient heating, platform ex-
haust gas discharge areas, and acoustic effects were considered to be per-
tinent to design. Design criteria were established with respect to module
size, module weight, aircraft landing weight and 1oad factor, tire footprint,
drag loads, drift loads, platform temperature, and sgervice life, The
materials survey was conducted with regard to their suitability from s
mechanical, physical property, cost, and fabrication standpoint for platform
construction.

The physical design concept was based on several factors of prime impor-
tance., All modules were to be the same in construction for any particular
platform. Fabrication, in production quantities, shall require a minimum
of tooling. Structurally, the maximum strength to weight ratio consistent
with other design considerations was the goal to be achieved.

The following sections of this report are presented to indicate the manuer in
which satisfaction of the above requirements was attempted. They also con-
tain information from which parameters for the factors affecting design can
be established.
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SECTION I

THERMODYNAMIC CONSIDERATIONS

A, ENGINE EXHAUST CHARACTERISTICS

To design a VTOL blast controlling plaiform, the magnitude of the following
parameters must be established, i.e., engine exhaust presasure, temperaiure,
and velocity. Since there is a wide variation in these parameters for varlocus
types of engines depending on the aircraft installation, upper limits roust be
established in order {o evaluate the overall effect on size, weight, and cost of

the platform.

In addition, continuing engine design studies, necessitated by an ever in-
creasing need for improving the oversll performance of VIOL aircraft, have
been in progress for some time and are still in progress. Therefore, at
present, upper limits of some engine exhaust parameters have not yet been

reached,

Teble 1 presents data from Reference 1 (dated November 1964) which gives the
disc loading, temperature of the exhaust, and exhaust velocity of various 4ypes
of VTOL aircraft designs. The figures in parentheses are the hest estimates

for future aircraft.

Table i - Engire Exhaust Characteristics (Nov. 1964)

Disc Loading Temperature of | Exhaust Velocity
Type of Aircraft 1b/it? exhaust, °F ft/sec
Helicopter 6.0 300.0 380.0
Propeller 50.0 300.0 580.0
Ducted Prop 100.0 300, 0 650, 0
Lift Fan 310.0 500.0 (1000) 650.0
Turbofan 650.0 730.0 (1500) 1675.0
Jet - Non A/B 1250.0 (2700) 1500.0 (2060) 1675.0 (2200)
Jet A/B 2750. 0 3000.0 {3500 2009.0 (2700)

Since the proposed VTOL &tlast contrelling piatform is to be used at advance
bases, the parameters noted in Table 1 will have full effect for only & very

short duration (just priov to takeoff and while the aircraft is within five
nozzle diameters above the ground, Reference 2).
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B. MAXIMUM EXPOSURE TEMPERATURE - TAKECOFF

The maximum platform temperature will be atizined during takeoff, After
start up, the lift engines are opersted at idle power for a period of time until
the pilot ascertains that engine operation is normal, Imring this {ime it is
assumed that the platform will reach the idle jet temperature. The tarottie
is then advanced to maximum power for {akeoff. For the most conservative
condition (longest takeoff time) maximum power operaiion is aseumed to oro-
duce an engine lift to aircraft weight ratio of 1.05. In the absence of ground
suction, 1ift off will start when the lift to weight ratio just exceeds 1.0 or
95% maximum thrust. The jet exhaust temperature is highest at maximum
thrust and the platform will be exposed to this maximum temperature for the
time it takes the aircraft to ascend a distance of five nozzie diameters above
the plaiform.

C. MAXIMUM EXPOSURE TEMPERATURE - HOVERING

After takeoff the aircraft could possibly hover close f{o the ground for 120
seconds. The engine would be operating at & lift to weight ratio of 1.0 or 95%
maximum thrust under this condition. During this time, if the aircraft were
bovering five diameters or less above the platform, the platform would be ex-
posed to the maximum hover temperature, which would be somewhat lower than
the maximum thrust temperature. At heights over five nozzle diameters, the
platform will be exposed to temperatures that are determined as s function of
the nozzle height above the ground.

Figure 1 shows the temperature that the platform surface will be exposed to
as a function of the ratio of height above the ground to the exhaust nozzle
diameter, This figure was derived from Reference 2 which gives the gener-
atized formula for the platform exposure temperature as

0% =48 for T >5 ()

where 6 is the dimensionless parameter equal to {T- Ta)/ (Tj -Ta)

Ta = ambient temperature, °F
Tj = jet nozzle exhaust temperature, °F

Ty = platform exposure temperature, °F
x = height of nozzle above ground, ft

d = diameter of exhaust nozzle, ft

x/d is dimensionless

For x/d less than five, the platform exposure temperature is equal to the exhaust
nozzle temperature, .
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D. TRANSIENT HEATING - PI.ATFORM MAXIMUM TEMPERATURES s ff * :
Te caleulate the temporature rise of the platform during the start-ﬁp, >1ift-oﬁ,
end bover conditions the platform is assumed to be heated initlaily to ths
nozzle exhaust gas temperature at idle power. On throtile advance to maxi-
mum power the platform is suddenly exposed to the maximum nozzle exhaust :
temperature, The platform will reach this temperature in infinite time. !
~ "t
Reference 3 gives the following theoretical relationsghip for the rate of tem- . >
perafure rise, AT applicable to this case as
T/7, .
AT=T-T°=(Tf-TO)(1-e ) ) “
MC, -
where To = BA 3
T = time, hr é
T = temperature, °F, of the platform at zay time T
To = tenperature, °F, of the platform at {ime 7T =0 T §
T; = platform exposure temperature, °F )
M = Mags of the platform, Ib 4
€, = specific heat of the piatform, Btu/Ib’F E
h = platform surface heati transfer coefficient, Btu/hr°F ftz ;
Ag = platform surface heat transfer area, ft2 §
The assumption is made that the platform is uniform st any instant; that ig, the §
resistance of the platform to heat flow is negligible. f
Figure 2 gives the temperature rise with respect to ime for various platform f
weights. For this typical curve the following was assumed ' 5
T, = 2000°F
To = 900°F *,,
A =81t i:.
Cp.= 0.10 Btu/Ib °F (steel) :
h = 40 Btu/hr ft2°F
Figure 3 shows similar curves for afterburner (A/B) ergines that give maximum ‘ )‘
platform exposure {emperatures of 2000°F and 3500°F. s
i
F
6 -
e eisnitimolindomebivsm il o s = £ *C
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E. PLATFORM GAS DISCHAHGE

Another imporiant consideration in the design of 8 VIOL blast controlling
platform is the discharge of the aircraft exbsust gases and entrained sir from
the platform. 7This can be accomplished by allowing the geses to discharye
from the end or ends of the platformn.  Vanes can be used to divert the gages
in any gpecific direction desired.

The gases must be dischared from the plaiform without cauging ground
erosion. To hold ground erosion in the vicinity of the platform {o a minimuny,
it hes been shown through experimental tests, Reference 4, thut the discharge
velocity should be in the order of 500 &/sec. Therefore, tiae platform exhonst
area should be sized to give an cxit velocity not greater than 500 f/ssc,

For this flow velocity, the discharge areg required is dependent on the total
mass flow of aireraft jet exhaust gases combined with entrained air and the
density of the gas mixture.

Figure 4 depicts the required platiorm discharge areas to obtain a velocity of
500 fi/sec as a function of the gas flow at constant demsity. For this
analysis a congtant exit static pregsure of 15 psia was assumed., Two dif-
ferent exit static temperatures, Ty were choeen fo show their effect on the

" required exit areas. The curves are based on the basic equation - —

W = pAV 3)

where:

W = gas flow, 1b/sec
p = demsity of gas at piatiorm digcharge, Ib/ft3

ve s 2
4 = reguived platform discharge area, ft

V = veloeity of gas at platform discharge, ft/sec

The actual area available for gas discharge is the product of the platform
discharge length and the platform height, The platform Iength and width is
determined by the aircraft size, so that only the platform height can be varied
to maintain an exit velocity of not greater than 500 ft/scc.

To keep plaiform height to a reasongble minimum, the exit velocity, V may
exceed 500 ft/sec. Ths effect of high disciiarye velocity can be controlled, if
necessary, by adding diverters downstream from tie platform exit to deflect
the discharge gacses away from the ground plane. Deflecting vanes mounted
internally st the discharge end of the plaiform were considared. This solution

was rejected becaucs of the reduction in exit area and consequent increace in
plaiform height required.

F, ACOUSTIC EFFECTS

In oxder to properly dasign 2 VIOL-blast controlling piatform, the noise
lovel derived from the aircraft must bs known. Ths procedure uced for this
study has been derived from Refersncs 5.

B O e S
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The amount of sound transmitted from an aircraft some distznce away is
governed by ths sound source and its direction end by the afienration sleay
the souna path, Thbe sound received may be found from &e folivwing equation:

SPLR = PWL + DES - At @
where

SPLR = sound pressure level at the recsiver. db reference 0. 0002
microbar

PWL = acoustic power level of the source, db reference 10”2 watts

I)Is = directivity index of the socurce in the direction of propagation,
db

At = total attenuation of sound between source and receiver, db.
This total attemuation is the algebraic sum of the atienuvation
values resulting from a nunbher of factors

1.  Acoustic Power Level (PWL)

The acoustic power, PA’ in watts, radiafed by a sound source is
stated in termns of the acoustic power Ievel (PWL) of the source:

PWL=10 Iogm P A/P A ) decibels (5)

where PA » the reference power, equals 10 watts. The
accustic powean_am is related to the kinetic ensrgy per unit
of time in the jet mmﬁceﬁie{ency, 7

-2
Py np 1/2’7"3 V (4.21x107%) = Uznwju,ase)

where
Pj = kinetic energy per unit cf time of the jot stveam, waits
py = density of the jet stream, b/8S

Aj = erogs sectional area of the jet (usually teken as ths
tail pipe exit area of the jet engine), i

Vj = expanded jet velocity, fi/sec

Figure 5 gives the acoustic conversion efficiency, 7, plotisd
against the ratio of expandad jet velocity, V’j to ambicnt cound ve-

locity (outside tie jot stream) C Tha paramater of the curves is
pj/p (T /’I‘ ) where P, and pj are, rocpectively, tho ambicat and

i1




a e AT T T TSN (TS WGy ST s e

NS RN Y 5 e AL P A
N S DA 5
o b
it ~ Souooisy opsnooy g eandiy
60\ nb. ¢ f4j0010/ PUNOG JuSIqUIY/AIIO0TOA 0L pepuBdxy
0's 0‘s 0°% 0°'g 0°2 0°t g0 ¥°0 £°'0 20
- — e L g-01 |
_ “ w _ \\\\ |
’ 1967 I0UISAON *TT9-19 P L~ o1 *
, 3a0doyg TeOPNYO], AEY « ‘UoRBIdD v - m_
1300V VIOXF OATON, ' *H USPIOAM WISID|  °JoH P ~ \\\ \\ ww
- - 01 _
Z > A o= n, !
L
Al dils o1 W . |
. d ~ g- L
A -~ P d ~ . o _W
> > A v _+8,—. 0T !
\AL\ <« r“l\ (&= |7 8 ,
10— 0T~ 01 L'y g m
-~ . P A z 012 |
\ \ \\ g- 2 .
i\\\ " ] 01 = w
ormEBIodUIe; SIN[OSqe JUSIqUIE = vy 2~ .
sanexeduze; egnjosqe jof = nH
£}18Ucp JUSIqB = o 1-07
3ef o 3o LBuUep = f 0
°T

prevepv JUNSEN



Ty T
¥

Rl 2 - R EE

B e e et T T L S

e

U

" T e R LT T i At i

A% MBS K

> o

R

I Stk

jet deneities, and T, and Tj are, respectively, tic ambient
and jet absolute tempe es. The slope of the diegonal
lines is determined by the Lighihill pavametier (Reisrence 6)
& 5 -
V., /C°.
PNy /Cq

Within the region where the acoustic efficiency is not Hmited {turbo-
jet engines operating at military power) the acoustic power is
proportional to the Lighthill parameter (Reference 7).

For engineering purposes, typical values may be chosen for pj and

Ca go the Lighthill paramoter can be used to obtain the following
expression:

PWL = 26.6 + 20 log,  d + 80 log, (F/W) M

-13

db reference 10 watts

where

d = jet exit nozzle diameter, ft
F = net thrust, 1b
W = gas flow, lb/sec

This exprezssion is plotted in Figure 6.

Methods for predicting the z2coustic power level of a jet during after-
burner oneration gre predominanily empirieal. CTae of the most
convenient of thege is illustrated on Figure 7, where the incre-
ment in acoustic power level above that of military power is plofied
against the increase of thrust resulting from the afterburner, Fig-
ure 6 may be used to estimate the PWL during military power op~
eration while Figures 8 and 7 may be usad for afterburner opera-
tion. For other engine operations Equation 4 may be used.

Directivity Index - (DL))

Since the jet cxhaust from the aireraft is not a simple source of
gsound which radiates the same amount of power in every direction
but rather is "directive" in that it radiates different amounts of
acoustic power in different directions, a correction factor must be
utilized in estimating the sound pressure level at the receiver.

The directivity patiern of jet noise is generaily assumed to be
symmetrical about the axis of the jet and reaches a maximum in
a cone about 40° to 50° from the jet exhaust.

From Reference 5, a series of tests were performed on zeveral
turbojet and turbojet with afiervurner engines to dziermina the
directivity patiterns and the sound pressure level associzted with
them. Baseduponthisdata an average value of -10 dbwas used for
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this siudy since the variaiion in the Divectivity Index wese osti~
mated to be between -15 and +8 db.

Total Attenuation (A

The total attenuation can be considered to incm@e attenuation from
several sources:
Al - attenuation due to distance, db
A2 attenuation due to interaction with the atmosphere, db
A3 adenuation due to shielding, db

A 4" attexuation due to building enclosure, éb

Since the source (engine exhaust) is less then 100 £ from the
receiver (the blast platform), A2 maybe neglected. Likewise since

A3 and A 4 are nat under consideration for this application they are
neglected.
The diminution of sound pressure level with distance wnen gound
is radiated from a constant power point source info free space
{the source is far from the ground) is called spherical divergence.
Singe the surface area of the gphere is proportional to the sguars
of the radius of the sphere, the propagation loss due to distance is:
A, =101og, , 4wd? @
where
da = distance from source to receiver, ft
For sound radiating into half space (the source is close to the
ground) hemispherical divergence is found, Assuming the ground

plane to be a perfect reflector the propagation loss due to distance
is:

_ 2
Al =10 lcgm 27 da
For this application the hemispherical divergence is employed.

Sample Calculation

To illustrate the use of the curves and equations given in this
section 2 sample calculation will be given.
Given:
Lift Turbojet Engine Characteristics
Thrust, F = 14,820 1b

Exvpanded jet velocity, V

i = 2Z00 ft/sec

16

Y

maAEELL e

Ot ol SN SUR T B SO

et Wi

PRGN o e mae o e e PO P



g
LV

.

Ea&xanstgas temperame, Ti 29&@*1?

Thrust/airilow = 91.8
Airflow = 162 1b/eecs
Nozzle diametsr =~ 20 in.

Calculations:

A.  Acoustic efficiency {7}

B,

1116
(F) ’(520’ =22.4
a
pjl’f '
Qj = —g— = 2700 Ib/f.‘.2 {dynamic pressurs).
= 2100 @8 _ ¢ o359 1m/2t°
1 (a200)>
P 0.0359
_i. o eter— 0.47
p 0. 0765
a
p, T, 2
7,1 (=) = 10.5
a a
R v
n = 10 from Figuresfor-(—}l-= 1. 975
a

Acoustic Power Level (PWL)

Py =17 F,V, (1.356)
P, =>q07% 9200 (1.356)

P, = 2.21x 10° watts
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PWIL =183.4 db R

From Figure 8 for e 2¢-in, exitneraledlameior atativact/ -
weight flow of 91. 8 Ib/(Ib/céc), the shove velue is alsoehlatnad, -

Seurid Prescure Level at the Blast Flatform :
SPLR =PWL + DIﬁ - At :
For a distance of 4.25 ft betwesn source end platform  °
- _ 2

At = Al = 10 loglo 2g d“z

- i 2

= 10 hglﬂ 2(3.14) (4.25)

= 10 Iogm 112

= 29.4 db

SPLR= 183.4 ~ 16 -~ 20.4
= 153 db at takeofi
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SECTION IV
DESIGN CRITERIA

4, INTRODUCTION

This section covers the load and temperature criteria involved in the sizuc-
tural design of the VTOL blast contrelling plaiform. The basic design concept
is a gectional or modular fype of platform in which each module measures

4 ft by 2 ft in order to be easily portable. Loads and femperatur.s are given
for the individual module. A weight of 200 ¢o 250 1b for each field-handled
component was assigned.

B. AIRCRAFT LANDING WEIGHT AND LOAD FACTOR

An aircraft weight of 50, 000 1b was initially selected for the design concept
presented. The limit load factor in landing is 2. 5g which is commensurate
with an aircraft sink speed of 15 ft/'sec and with & compatible landing gear
shock strut design. For a study of module gizing for the various aircraft
weights of 20,000, 30,000, and 40,000 1b the load factor of 2.5g was maintained.

The fouiprint (loading area under the tire) was established by using the higher

level of tire pressures for the pertinent static rated tire associated with eack
aircraft weight, A footprint of 160 sq in. was selected for ail aircraft weights.

Table 2. Tire Ratings and Footprint Pressuras

Aircraft Static Rating Tire Footprint
Weight of Tire Fooiprint Pressure
1b ib in, 2 1b/in. 2
30, 000 25,000 160 156
40,000 20, 000 160 125
30, 0060 15,000 160 94
20,000 10,000 160 63

The above stated pressures are considered congervative from the standpoint
of tire ratings and fooiprin: pressures.

C. TWO-WHEEL LANDING

The maximum vertical reaction is combined with a drag load equal to one~
quarter of the maximum vertical reaction of ona gear in a two-wheel landing.
For the 50 000-1b aireraft, the normal load on the gear is
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50.000.2.9) - g3,5001h. Ths drag load Is 62,500(0.25) =15, 600 Ib.
; D. DRIFT LANDING : i

The aireraft is assumed to be in the level attitude with only the main landing -
gear contscting the platform, The vertical reaction on each gear is assumed SR
t0 be one-half of the maximnm obtained in the two-point level landing. The !
inward acting load and the cutward acting load are, respectively, 80% and 60%
of the vertical load,

For the 56, 000-1b alrcraft:

b P S SR J.ﬂ.i..'..u.gﬁ..;.ax..

oy

£2:300 (9. 80) = 25, 000 b L

Plgfecc gy

Inward acting load

3

ki

Outwerd acting load = -9-32-";-59-9(0,60)=18,7501b o

pak ity

E, PLATFORM TEMPERATURES

Tha maximum gas temperature at the platform cccurs during takeoff. It is
sssumed that, after start-up, the engines are operated at idle power for a
sufficient tims to attain heat sogk in the platform. Although the exhaust tem~
peraturs is highsst at maximum thrust (takeofi), the platform will be ex-
posed to this tempserature only for the short period that it tekes the aireraft
to ascend a distance of five exhaust nozzie diameters shove the plaiform.
Fizure 1 in Saction II shows that the temperature to which the platform sur-
face will bs exposed will be 1 funection of the ratio of height above the ground
to ths exhaust nozzle dizmeter for varicus engines.

RUSKASIMg ORES AL SRR, g <

5}3 Maximum exposure time will cccur at hovering. For determinafion of de-~
5 sign temperature, the platform will initially be considered heat sogked at
: 890°F (idle power) with the increasze in temperature, At, resulting from the
4 tims of hovering. As regards load and temperature, for the purpose of do~
4 sign, it is agsumed that subsequent to hovering, ths aiverait will slip sui-
i ficiently to have its landing gear contact the heated module. A structural
! temperature of 1000°F was assigned to act in conjunctioa with the landing
loads of the 20, 000-, 30,000-, 40, 800~, and 50, 000-Ib aircraft ccnsidered ]
: in development of the design concept. :

5 Figure 2 in Section III gives the temperature rize with respect to time for
various platform weights for non-afterburner power. For a total module
weight, including grid, of 400 1b a temperature rise of 100°F ahove the
900°F heat soak would require 42 geconds of hovering at 2 height of five ex~
haust nozzle dismeters or less., Figure 3 in Section I shows gimilar curves
for afterburner engines that give maximum platform exposure temperatures
of 3000°F to 3500°F,
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Sound pressure levels (SPL) and their derivations are presentid in Sacticn IN,
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SECTIONV .
MATERIALS SURVEY

&, INTRODUCTION
Asg a prelude to the formulation of the platform design concept, a survey of

materials available for construction was recuired. This was to ascure that the

materials used are those best suited to the design requirements, Factors
considered in the selection of these materials are the ability to withstand. the
temperature of exhaust blast, minimum weight without sacrifice of strnctural
integrity, ease of fabrication, ability to withstand environmental conditions,
and cost as related .o the advantages and disadvantages of the other factors.

B. MATERIAL REGUIREMENTS

The materials of construction should, in addition to meeting deeign require-
ments, be readily fabricated and moderate in cost. The base structure will

be assembled with mechanicdl fasteners, therefore welding will not be re-
quired. The material or assembly must be corrosion and oxidation resistant,
either through the inkerent nature of the material or througn the use of auxiliary

coatings.,
C. MATERIAL SELECTION

The method used for selection of material is presented by anzalysis of material
requirements for three types of engine exhaust characteristics, those of ad-
vanced turbojet engines with exhaust nozzle temperatures of 2000°F and those
of turbojet and advanced turkojet engines with afterburner with exhaust nozzle
iemperatures of 3060°F apd 3500°F,respeciively. Using the information from
Section II~A regardi.., exhaust biast temperatures for other types of aircraft
and engines, formulae for calculation of platform exposure temperatures, and
applying appropriate design loads, material selection can be made,

D. ADVANCED TURBOJET AIRCRAFT

1.  Design Load Requirements

The material for platform conatruction should have a minimum ghort time ulti-
mate tengile strength (uts) of 100,000 psi at 1000°F, It shall also be capable of
being exposed to 1200°F under no load conditions for 600 hours without degra-
datioa of subsequent ambient and 1000°F properties. The material shall,in
addition, be capable of being temperature cycled from room temgerature (RT)
to 1200°F for at least 10,000 {imes without mechanical property degradation.
Each temperature cycle will impose design loads of 1 minute duration at 1000°F,
and up to 3 minutes at 900°F. In addition, the material should have a low coef-
ficient of thermal expansion in order to minimize thermal stresses.
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Material Selection: o -

() Approach. Two divezrgent approaches were mnderiaken in-the
selaction of the candidate material, The st was the evaluation of
a gtainless and heat resisiant alloy which could meet.the design loed
requirements v ithout supplementary heat and corrogion resistant

coatings,

The sscond approach was the use of heat resigtant, but not .
corrosicn resistant, slioy steel witha supplemenm'y low thermal :
conductivity and corrosion resistent coating,

(b) Costs., Heatand corrosion resistant alloy are more ex-
pengive than alloy steels, depending on the alloy content and
fabrication procedures. However, the basic heat and cor-
rosion resistunt alloy chosen (A-286) is only about twice as ex~
pensive as the alloy steel, since its alloy content is-just sufficient
to-make it useful in the temperatire range under congidaration.

The use of coatings wili, however, increase the price of the part
mede of alloy steel, the amount of which is dependent on the type
of coating and method of attachment or application. It is-estimated
that use of a plastic laminate coating will make the part price
equivalent to one made of the heat and corrosion resistant steel.
Coating costs are discussed additionally in parsgraph 5 below.

Matexial Properties - Steel

(a) Alloy A-286. The heat and corrosion resistant alloy A-Z88 is
an iron-base precipitation bardening sizel, which is availsble in
bar, sheet, tubing and forgings, with appropriate AMS gpecifica~
tions, Its mechanical properties are detailed in MIL~-HDBK-5,
unless otherwise stated. Its approximaie price per pound for

sheet is $2.15.

The minimum room temperature mechenical and physical
properties are (bar, forging, tubing; consutrode melted):

Fra

w 3
Elong % in 2 inches =12
Density = 0,287 lb/in.3

= 140, 000 psi

F 95, 000 psi

NOTE: The mechanical properties of air-melted A-286, are
10 ksi lower in UTS and 0.2% Y8
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Mean coefficient of thermal expansion ¢ =in. /in. /*Fx 1078

RT~200°F = 9,2
, RT-80¢°F = 9,6
; . RT-1200°F = 3.8

e

The elevated tempersature strength - afier exposure to the tempera~ o T
ture cited for 1000 hours and no Ioad - is as follows:
s&e_n“"gh E.t . .- 3

i Room Temp. 800°F  200°F  1030°F  1200°F R
. F, (s} 140,000 123,200 120,400 114,800 95,200 s
| Fty(psi) 95,000 79,800 79,000 76,950 62,700

Data from Baftelle Memorial Institute Report DMIC 112, dated T
May 1, 1959 "Physical and Mechanical Properties of Nine Com-~ L
mercial Precipitation-Hardenable Stainless Steels,' gives the )
typical 800 hour rupture strength for A~286 at 1000°F as 87, 000
pei. Howaver, since our application is one of cyclic loading, S
stress-rupture cannot be used directly. Data cn cyclic rupture S
sirength is not availsble for A~-286, however it has been posinlaied :
that the cyclic rupture strength is intermedisde between the rupture .- g
and short time tensile strength. On this basis the eyclic rupture :

strength of A-286 at 1000°F (room fempersture to 1000°F) is

assumed to be 102, 000 psi. i E
{? (@) Alloy Ladish D-6A. The mechanieal properties of a heat re- L. §
sistant non~corrosion alloy steel were exarined at the design load K
3 requirements. The alloy selected was Ladish D-6A, 2 hot-work die
3 steel which haa been extensively used for missile motor cases because 3
i3 of its high strength and good fracture toughness. This steelhag a {
4 norninal chemical composition of C=0,46%; Ni= 0.55%, chromium=1.00%
molybdenum 1,00%, and iron remainder. It can be hardened and ;
" tempered at 1000°F to the following typical room temperature .
34 properties. K
1 F,, = 210,000 psi 5
i - 0.2% yield strength (YS) = 204, 000 psi :
Elong % in 2 inches = 13 ¥
§ Charpy V-notch = 18.0 ft-1b %
The steel when heat treated as above has the following typical b
; properties (skoxt time (1/2 hr)) at 1000°F. ¥
i F,, = 138,800 psi } §
; 0.2% YS = 120, 620 pai r ¥
. . i.
Elong % in 2 inches = 19,8 S
3 ‘ (g”
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However, expocurzs of the stesl o teripering temperaturss of
1250°F will reduce the room temperature strenzth to

Ftn =133, 000 pai (typ.)

0.2% ¥S = 128,250 psi
Elong % in 2 inches = 20

The mechanical preperties of the steel tempered at 1250°F and
tested at 1000°F are ae follows:

Fm = 56, 000 pai

8.2% ¥YS = 49,000 psi

It can thus be seen that the alloy steel when exposed to a tempera-
ture of 1250°F (approximately} will suffer a permsanent degradation
of mecharical properties. For this reason, a coating with low

thermal conductivity is required to reduce the temperature below
1000°F when in usse,

Material Properties Coatings

(a) Plastic Laminate snd Rubber Coatings. Two different corro-
sion resistant organic m¢ “erials, plastic laminates and rubbexr, were
considered for use as low thermal corductivity materials, The tem-~
peratire induced in the moduie giTucturc due to exhaust gas heating

is too low to permit ablative ccoling from: these materials, Phenolics,
in general, vaporize at approximately 2000°F ard above and silicones
vaporize af temperatures in excess of 3000°F. Mecnanical properties
of plastic laminates vary considerably with mucerials of construction,
regin system, and cure; however, we will breifly diccuss the proper-
ties of a typical heat-resistant laminate ~ namely pkenolic glass, The
properties are taken from MIL-HDRK-17, "Plastics for Flight Vehicles."
Data contained thereir indicate that the tensila strength at 1000°F (by
extrapolation) is less than 1090 psi. The handbook algo statas that
several hours exgosure at 1000°F will permarently destroy the lami-
nates' mechsnical snd physical properties, Silicone rubbers suffer
the same order of loss of physical properties at that temperature as
does the phenolic glass. However, the low thermal conductivity of
both materials (approximately 1.4 Btu/hr/eq fi/°F/in. at 700°F) makes
it possible to use thece materials for short time protection or for tem-
porary repairing. .

(b) Ceramic Coating. Ancther thermal barrier coating considered
is ceramic in nature. Thke coating is stebilized zirconium oxide,
whose high melting point (> 4000°F), low thermal conductivity (1.2
Btu/br/eq ft/°F/in.), and low thermal expangion {5 x 10-8/in./in. /°F)
meke it potentially atiractive. In eddition, the material can bhe spplied
rather easily with an oxyacetylene typs gun and is commerically
availabls (Rekide Z, Norton Co., Worcester, Mass,). However,

[N s D L A . A MR




because of its inherent briftleneas, it can witisinnd Bitlo orno fon~
sile loading, and because it is mechanfeally attzched fo the steel, i.e.,
imbedded in a roughened surface, its resistance to removal by mo-
chanical abrasion ig low.

¥ also eculd be considsred a5 a temporary or repair coating o
protect from "hot spots. " ”

5. Cost

To review the cost factors again, it iz estimated that a plastic Isyninate coated
steel would give a part price the same as a beat and corrosion resistant steel,
while a rubber coated or ceramic coated steel would ba somewhat cheaper than
a comparable part in A-286.

6. Alternste Heat and Corrogion Resistant Siesls

(@) Due to the current "spoiiy" difficulty im procurement of
nickel and molybdenum containing heat and coxrosion resistant
materials, the following materials are suggesicd ay aliernatss
to A-286 if necessary. Both materials have superior properties
at room and elevated temperature to A~286.

(b) The first gelection is Alloy 261 whose nominal composition
is:

Nickel - 42%

Mclvbdenum ~ 5%

Titanium - 2.8%

Iron - balance
This alloy is covered by AMS specification 5660 for bar and rod.

It is also available in sheet form. Tha alloy requires a precip-
itation heat treatment to attain its strengin (as does A-286),

Its typical mechanical properties are (exeept as noted):
*RT _ 1000°F 1200°F

UTS, ksi 150 124 114
0.2% YS kst 100 83 83
Elong. % in 2 inchas 12 12 13

* Thece properties are minimum,

The alloy cost is approximately 44 to $5 por peund depending on
form and amount ordexed.
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{c} Ths sccond.alicrnate material 4s the nicskbacacilsy -
Ineonsl X-750 {formerly Inconel X), This-alloyis covercdhy
¥Federal, Al1S, and Republic RE-N-24 gpecifications, . ’ :
AMS 5542, MIL-N-7786 - cheet and piate
AMS 5667, 5668, MIL-N-8550 - ber, rod, and forging

Bz nominal chemical cumposition *s:

Chromium ~ 15%
Iron - 7%
Titapium - 2.5%
Alumimum - 0.8%
Nickel ~ balance

ks typical mecharical properties are {except a8 noled):

* RT 1090°F  1200°F

UTS ksi 165 143 125
0.2% YS ksi 105 97 95
Elong. % in 2 inches 15 13 5

% These properties are minimum,

Its approximate cost is $7 to $8 per pound depending on form and
amount ordered.

7. Conclusion

It is concluded that the heat and corrosion resistant steels A-288, Alloy 201, or
Incouel X~750 would L2 the best choice for construction since, unlike the heat re-
sistant steel (DSA) they do not rely on plagtic or ceramic coatings which eithar
degrade on temperature exposure or are subject to undesirable briitleness,

The A~-286 alloy being the cheapest and usually the most readily available alloy
is the first choice among the hoat and corrosion resistant alloys.

E. TURBOJET AND ADVANCED TURBOJET AIRCRAFT WITH

AFTERBURNER
1.  Desim Load Requirements

The design load requirements are similer to those noted in para-~

graph D1 above, Ths material shall have an ultimate tensilo strength (mini-
mum) of 100, 000 ps! at 1260°F, The duration of load at 1250"F i~ ons rainude
per cycle. The metal or module shall be eopable of being cycled 10, 000
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times to 1250°F, Tharefors, the toial Hfs st tempoerature shall be £09 houra.
The metals ghell be capable of being expozed fo 1450°F maximum fomperaiure
without loss of subzequaent 1260°F load strength recuiremsnis. Ths ghovse is
based on platiorm exposure temperatures for asdvanced turbojet engines with
afterburncz. The lower platform exposcure temperatures of turbojet engines
with afterburner, 50°F in both conditions, do not warrant ecparate consider-
ation in the gelection of materials,

2.  Materigl Selection Approach

(a) Non-corrosion heat resistant alloy steels (Ladich D~6A) with
supplementary low conductivity coatings cannot be used in this ap-
plication for the same reasons as those noted in consideration of
advanced turbojet engines.

(b} Heat and corrosion resistant alloy A-286 cannot be uged in
this application since, as noted previcusly, it will not meet the
strength requirements at temperature, particularly if subjected
to the overaging effect,cf 1450°F on extended exposure.

(¢) Tke materials selected for use with turbojet and advanced
turbojet engines with afterburner, in accordance with design re-
quirements, are the two alternate materials specified in D§ above,

Alloy 901 and Inconel X(X750),

(d) The typical short iime elevated temperature properties of
Alloy 901 are as follows:

RT 1080°F 1200°F 1250°F

UTS, ksi 150 124 114 106
0.2% YS ksi 100 83 83 83
Elone % in 2 inches 12 12 13 13

(¢) Alloys ¢01 and X-750 will not be affected by prolonged no-
lozd exposure up to 1450°F. This will, in effect, lengthen their
normal aging time for precipitaticn keat treatment which will not
degrade tensile propertiss.

() From the data supplied by the International Nickel Company's
bulletin (Nickel-Base Alloys, 1266) the 600 hour cyclic rupture life
at 125C°F is 92 ksi in accordance with the poshulate in D3 abova.

() Tha guaranteed room temperature and 1200°F short time tensile

preperties for aheet (0,251 in.) are given in Republic Specification
RE-N-2A as foliows:
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BT 1200°F :
UTS ksi 165 110 i
0.2% Y8 kai 110 0 :
Elong%in 2inches 13 *

* Wot required but estimaied at 5% minimum,
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Data from the International Nicke]l Company indicate the foilowing
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properties at 1250°F, using RE-N-2A material.
1250°F
UTS ksi 100 3
0.2% ¥S ksi 70
Elong% in 2 inches # -
* Not required but estimated at 5% minimum.
The postulated 600 hour cyclic rupturc life of Inconel X(X-750) at
1250°F is 86 ksi.
5 3. Conclugion
4
The short time properties at 1250°F of both maierials are adequate
’ although the propertes of Iconel X are siightly higher. The rupiure life of 901
Y at 1250°T is somewhat better than fconel X. The ductility of Inconel X drops
3 at 1200-1250°F which is typical of high nickel alloys and requires that ap~
. plications involving sharp radii be given careful consideration. The higher
: nickel content of Inconel X makes it somewhat more prone to suifur embritile~
s ment from fuel exhaust than Alloy 901,
: The possibility exists that the nozzle temperature (3500°F) of the
£ afterburner may impose high skin temperatures (in excess of 2000°F) on the
H module. Temperatures of this magnitude will degrade the elevated tempera-
i ture properties permanently, If overheating such as this is observed during
H prototype testing, consideration will be given to the use of ceramic low thermal
{ conductivity barrier coatings (Rokide Z) as a moans of reducing these transient
"‘ temperatures to design levels,
¥
? (@) Consideration has also been given to ths use of a highss
: atrength nickel-base alloy in the event that the increased cost of
1 the material is juscified by the weight saving. An alloy considered
i is Inconel 718 whose approximate cost is $10/1b. Ths typical short
time tensile properties are as follows:
RT_ 600°F  1200°F  1300°F
s UTS ksi 200 195 170 145
; 0.2% Y5 kst 175 160 150 135
! Elong % in 2 inches 20 20 20 20
" 29
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SECTION VI
DESIGN CONCEPT ANALYSIS

A, INTRODUCTION

As previously outlined in Section II of this report, {here are many varisbls
factors and mary combinations of these factors affecting design of platforms
end modules. The design concept presented was based on the application of
all factors affeciing design. The methods of epplying these factors have bzen
established in the thermodynamic, design criteria, materials, and structural
analysis considerations.

B. PLATFORM CHARACTERISTICS

The most important aspect of platform characteristics is the satisfaction of its
requirements for field uss. Ease of handling and ersetion are of prims im-~
portance and have been demonstrated in this design, (Ses Figures 8 through 15,)

All modules for a particular platform are exactly the same in configuration.
Thie eliminates the task of selecting a certair module for a particular position,
A1l ties between modules are alike and can be made up with a standard wrench
(reference Figare 13), The side plates which preveat escape of exhaust gases
(reference Figure 14) are simply ingerted into the modules and locked info place
by rotation of a latch, The end plstes (for the spme purposs) are installed by
hocking onto the module He fithngs of the end modules and nsariing two quick-
disconnect type pizz. The diverters at the exhaust end of the platform sre Hed
to the modules with the same tie fittings as those used to tie the modules (reference
Figure 8). The platform size may be varied by merely adding or subtracting
quantities of the gbove components.

In the event that exhaust gae discharge from both ends of the platform is desired,
geveral of the modules can be rotated 180° in the horizontal plare and the end
plates replaced by diverters.

Of thermodynamic importance as a piatform characterigtic is the ability of gx~
haust gases to spread out laterally beiween modules and not be resixricted to
longitudinal flow. This serves to make maximum use of the exhaust avea and
therefore keeps the platform height to a minimum, The use of fubes as truss
members provides maximum interflow area between u ~dules,

C. MODULE CHARACTERISTICS
1. Structural Requirements

The structural requirements for the various components of the modules and sgub-
gtantiation of the selection of the type of components used in the design concapt
are presented in the structural analyais (Section VI).
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2.  Size and Weight

A modale size smaller than that of the 2 by 4 fi (in planform) estebliched

by desiga criteria was considered tmnsatisfactory frem the stendpoeint of hoight
to width ratie and also with respect to the number of modules required to
assemble a platform.

Inspection of the weight calculetions for the modules anslyzed in Eaction VI
indicates that, except for the medule base supporting fhe 56, 000~1b aircraft

(at 1000°F), the module base assembliez end grids are within tae 150- to 260-1b
weight range. All of these components are considered as being capable of
manusl field handling,

“When the modile bass used to support the 50, 000 pound aircraft at room fem-
perature was inspected with respect to the thicknass of its components, the
following was noted. These members are of a size that, for two reasons, is
considered tobe the minimuwm allowable, First, lighter members in some caces
would not be structurally adequate even for lighter-weight alrcraft and, second,
they would not be rugged encugh to sustain the type of ficld handling anticipated.
Therefore, it appears that modules for lighter-weight aircraft would not weigh
less.

The above analysis indicates that most of the field-handied components will be
in the weight range selected by the design criferia and that a one~pisce module
{base and grid) is not practical from a weight aspect.

r - —_ -— - - . -~ -~ Cot
However, in order uot to limit the utility of the blast controlling platform be-

cause of weight considerations, another methed of handling should be considzred.
Thisg is the use of a lightweight, knockdown, two-wheeled, "A"-frame trundling
dolly such as that shown in Figure 16. Thiscouldbe delivered with the modules,
rapidly assembled, and would allow for handiing of the heavier components and
of one-piece modules (base and grid combined) if so desired. This is presented
as a logistic problem to be considered by the using command.

3. Configuration of Air Deflecting Vanes

The vanes shown in the design (reference Figure 12) were analyzed structurally
with respeact to exhaust gas pressures. The curved van2 was chosen because it
has greater beam strength. The proper angle anc 3ize of vans can ounly be de~
termined by testing of full size components using .arious exhaust mass flow
quantities.

4.  Manufacaring

Eace of manufacturing with a minimum of special tooling and a minimum of shop
operations was considered next to struciural integrity in design evaluation., Ex-
amination of the varicus members of the module shows that shop manifacturing
procedures are not complicated., The drewings indicate formed gactions to
demonstrate the faasibility of their usa. Kowever, in large production quantities
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where mill runs of material arve reguired, ths cost of exizuded chepes cut io
length vorsus the cost of cutting ard forming of sheet end plate dloald ke
snalyzed, Forgings should he nzed in place of muachined bar stock fox fiillnzs
ard tension boxs when cost savings can ke realized {reference Figuros 12 ged
12). .

In the determination of grid design, mamifacturers of this type of squipment
are bogi equipped to satisfy the requirements. They algo have e necossary
tooling aud manufacturiug capabilitics which are gensrdlly not a pavt of other
mamfacturing facilities {reference Figure 16},

5. Moatorials

Saction V of this report presents the method {0 b2 used in material selection

for e various conditiong of temperature gnd loading and shows the use of
balancing costs against other factors. I shouild be further noted that the uss

of commercial spegifications for materinls ghould be evalnaied as a o=t gaving
factor. This chould only be done where thess commereial materials safisy

all deuign requiremsnis end whan their use is epproved by the procuring ageney.

In tha gelection of hardware (fasteners, ste,) ths varicus conditions of loading
and teraperature mu st be considered so that it is compatible with ths othar

maierials used,
D, SUMMARY

Ths apove analysis has been presented in order 1o coordinate ssctions of ths
report and to presan. an evaluation of ths varioue aspects of the design concept
in relation to design and manufacturing requirements,
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SECTION VI
STRUCTURAL ANALYSIS

A. INTRODUCTION

In the design of a blast controlling platform for VIOL aircraft, the structurss
depariment was given tha task of aiding the design group in detsrmining the
basic type of construction and configuration that would best mest the require-
ments of ioed, tempereture, and portebility (meaning lightness of weight). In
order to evaicate thig problem, two separate studies were undertaken. In the
first study a genersl survey of various types of construction was made. In the
second study, the type of structure finally decided upon in the general survey
is anelyzed, in detail, for the various loeding conditions.

B. GENERAL SURVEY

Tee basic purpose of this survey was {o censider various types and configura-
tions of structure and determine which would best meet the requirements of
load, temperaturs, and portability,

Since the platform is to be portable, the weight factor is critical. In order to
insure the eese of portability, it was decid:d to make the platform of a number
of smeli individual mcdules, sach light enough to be easily moved.

Each module in the platform will be under different loading conditions, The
two most critical modules will be one directly under the tire and one directly
undar the exhauat nozzle of the lift engines. The module under the tire will be
sukject to load while the module under the exhaust nozzle will be subject to

the extremely high temperaturg of the exhaust gases. Since it is impossible to
determine exsctly which module will be under tire loads and which modules
will be under high temperature a module must be designed to saiisfy both re~

quirements.

One of the intentions of the platform is to direct the exhaust gases out of one
end of the platfcrm, This i3 best accomplished by using curved vanes in the
individual mocules to divert the gases in the direction required. A floor sheet
should be used to oliminate the entrainment of dirt, sand, stc.

The upper surface of the medule must allow the exhaust gases to enter the
module. It must also provide a surface on which the aircraft can land and
meintenance persounel can walk, For this surface a grid type of structure
best satisfies the requirements.

A truss type of structure is the basi method of supporting the grid due to its
high strength-to-weight ratio. The type of truss recommended is shown in
Figure 11, The reasons for choosing the various members as shown are a3

follows:
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1)  Top Angles - Tho top mgles were azleoted becouss thay amst
resist bending end the long vertical flenges provide a large
momsnt of inertia to resist the bending ctrens. The chert
horizontal flanges provide a surisce for ths bearing bavs of the
grid to rest on. The angles are geparated to parmit the (ubing
to fit betwesn the long flanges. This aiso puis the eitnchments
in double shear which is recessary for hoavy aiveraft, The
herizontal fl:nges on the top angles of the ouiside truss members
of a megule are both faced in tho same divection, therehy
maximizing Jhe area allowing exhaust gasges to entor the module,
The extra vertical flange cn these angies acle as a guide for the
grid.

2)  Botiom Angles aud Plaie - The botiom angles were sslected be-
caise they must resist bending and the vertical fianges provide a
large moment of inertis which resists the bending., Ths Povizontal
flanges and the plaie provide a laxrge, stiff area for beariag on the
soil, The angles are geparatsd to permit tha tubing to &t be-
twean the vertical flanges. This algo puis the attechmaents in
double shear.

3) Ping -~ The use of pins (single-pin joint} in a truss msomber limits
the type of load carried by the vertical mombers to sxial lozds,
This will limit the type of failure to buckling or column failure.

4) Tubes - Tubes were recommended becauge these members are
subjected to axial losds only {pinned at hoth ends) and a circular
gection is most efficient for this type of loading, Hollow Lidbing
was recommended tc save weight, Siotted holes in the tubes (top
only) eliminate any thermal stresses inducsd by differential ex-
pansion of various members.

The best method of stabilizing the truss members is to use two sets of
tension bars at both ends of each module. At intermediate points crogsties
sttaching the tops of the trusses will also aid in stabilizing the o dule.

Summarizing, it appears that the type of structure that best meots the require-
xents of load, temperature, and portability is a grid type siructure supported
by pinred member trusses with tension bars and crossties supplying lusexal
stability (Ref. Figure 9).

C. DETAILED ANALYSIES

In the detailed analysis the basic type of stricture decided upon in the general
survey was snalyzed for 20, 000-, 30, ¢00-, 40, 000-~, snd 50, 000~1b aircraft at
1009°F end for 50, 000-1b aircrafi at room temperature in order to dalsr-
mine how the weight of the typical incaule varies with the weight of ths
aircraft it is to support. A type of parametric study wasperformed. Ths only
varisble in this study, however, was the size of ke individusl members. The
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°oc configuration and the cverall size of the module remained identical. It is
S worthy tc note, howevar, that the typical module analysed is ths best con-
25 figuration for the 50, 000-1b aircraft at 1000°F under load but, it might
S not be the best configuration for & 20,060-1b aircraft at 1085°F, For
02 ex:nple, fewer vertical supports might bs required in the truss members
. 3 for tae 20, 000-1b aircraft,
, %
A i For each of the analyses, the following informstion was supplied by the
A thermodynamics group, the design requirements group, and the materials
o group.
2 1)  Use of A-286 steel
2)  Load factor of %.£g (1. 25g for drift landing side load only)
:9”:‘? 3)  Maximum temperature of module under load is 1000°F
e (1200°F under no load conditions)
453 4)  Tire print of 160 in, 2
"?, 5)  Hoise level pressure of (.16 psi {155 db)
-,
M, 6} Pressure due to exauust gases of 18 psi
“s 7)  The given loads are applied to 2 1,5 factor of safety (in order to
keep the weight at a minimum}., This 1.5 factor of safety is
multiplied by the given loads and, using these values, the structure
is designed to ultimate load allowables as obtained from MIL-
HDBK 5-A. l
8) The entire weight of the airplane i3 on two landing gesr. ’
Using the sbove information and a 50, 000-1b aircraft, a preliminary analy- :
i sis was conduzied to provide the tentative gize of an individual module. The |
. ideal weight o1 eack module was estimated to be about 200 to 250-1b. The
) most efficient size in this weight range was found to be 4 ft by 2 ft with
o three truss members.
C‘éﬁ For design purposes, various assumptions were made which led to a con~
4 servative typs of structure. These assumptions are:
o 1) The entire wheel load is completely reacted by one truss membeor
5 % of one module.
)
T 2) The entire wheel load is reacted by one span of the icp angles
’ rather than by the entire length of the angle.
. :‘Q{
{,g At the same time, an assumption was made that was not conservative. This
o{ assumption was that the ground under the module was relatively flat and that,
|
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when subjected to load, the ground would settle under the bottom plate of the
truss until there wag a unifcrm pressure exerted on the surface of the plate,
This assumption limite the surface sonditions of the soil directly under the
individual modules.

¥For the design of a grid, manuiacturers of this type of equiment were calied
on. Design information obtained was as follows:

Based on sustaining aircraft tire loads of 25 kips, 37 kips, 50 kips, and
62 kips, on a tire print area of ' x 1&", with the grating bearing bars
spanning 10" center to center of supports, a rectangular design cross~
bar grating having bearing bars spaced 2-3/8" un centers with cross bars
4" on centsrs was recommended. For intermutient elevated temperafure
service of 1J60°F the material was to be type 316 stainless steel.

The recommended bearing bar sizes in corresponding order to the above
indicated tire loads, are 3" x 1/4", 8-1/2' x 1/4", 4" x1/4", and 4~1/2
x 1/4'. The cross bar size in ali cases will be 1-3/4' x 1/4'. A band-
ing bar shail be welded {o the ends of the bearing hars, continuous for
the panel width, and shall have a depth aot less than 1-3/4".

The top and bottom angles of the truss members were checked for tension,
compression or crippling, shear, and bearing. For the module to support
20, 000-, 30,000-, and 40, 000-1b aircraft, the thickness used was 0,125 inch.
For the module to support a 50, 000-1b aircraft, the thickness used was 0,19
inch {the additional thickness was needed for bearing area). “ In most cases
the length of the vertical (long) flange was governed by edge distance requice-
mente of ping attaching the angles of the tubes.

The tubes were checked for bearing and celumn failure. For the module support-
ing 20, 000~-, 30, 000-, and 40, 000~lb aircraft the thickness was 0,125 inck,

For the module supporting a 50, 070 pound aircraft, the thicknese was 0.19 inch
(again the additional thickness was needed for bearing area). In order to in-
crease the load carrying ability of the tubes, the ingide diameter and outside

diameter were varied to decreaseL ' /pand increase F c ..’
all

The pins attaching the bottom angles to the tubes were checked for double
shear. The pins attaching the top angles to the tubes were .hecked for a com-~
bined loading condition (bending and shear) due io the effect of the slotted
holes in the tubes.

The tension bars were checked for tension and compression, and the lugs were
checked for bearing and shear-out. The {ension bars are the same for all
modules. The tensjon bar fittings were chucked for bearing and shear out (lug
analysis).

The vanes and floor sheet were checked for failure as simple beameg under a
uniform pressure. The deflection of the floor sheet was checked to determine
if, under load, it would come in cowtact with the ground, The vanes and floor
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gheet will be ths same for all modulses. .

R

Since there are two different loading conlditions (wheeal load and exhaust gas
pressure), various parts of the module will be subject to different loads, ‘;
There ig also a load caused by the engine noise level, This load is calculated
as 0.16 pai » «d was congidered negligible in this snalysis. Therefore, the
total desigr. 1cade on the structure were (1) wheel load /veight of airer ift) for
the top and bottom angles, pins, and tubes, (2) exhaustgas pressure logd for
the vanes and floor sheet at 1200°F.

»

An analysis was also performed on the typical module for suppert of a 50,97 ~lb
aircraff at room temperature using a common grade of stesl such as

4130, HT 180~220. This mcdule was analyzed in an identical manner axcept
that different allowables were used. This analysis showed thai {he high tem~
peratures caused the weight of the module to increase by 40 percent.
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ANALYSIS OF LOADS AT 1000°F, USING A-2868 STEEL -
20,000-1b AIRCRA¥T

1, Design Sp-.cifications

D
2)
3)
4)

5)

6)

20, 000-1b aircraft at 2~1/2g (limit value}

All load on two gears

Maximum temperafure under wasel = 1000°F
Maximum temperature under engine (no load) = 1200°F

Load/Gear = mgp_(z_.ﬂ = 25, 000-1b (Limit)

= 25,000 {1.5) =37,500-1b (ultimate)

Use tire print of 160 in. 2

4 ;

Tire Print

pg— <O

Note: Dimensions on sketcheg are in inches unless otherv ige noted,
2, Top Angles of Outside Trusses (Reference Figure 11)

Assume entire load acting on one truss

48 e
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| t=0,125
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Section AA
Maximum reaction = 37, 500 1b (entire load)

For maximum bending moment assume entire load acting on one
span

37,500
= p-AN B_A AN
w 18

= 2080 1b/in.
.
M= 6(3-13'5-9-9) - 9{2080) (5/2) at center
= 112,500 - 84,400 = 28,100 in, b

= 28,1 in, kips

= M =
Fb = 3 use t = 0,125
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0.125|1,C0 [0.125 | 0.50 P,0625| 0.0313

0,0104

1.87510.125)0.234 | 0.94 9,2200 | 0.2068

0. 0003

0.125 2,50 0.313 | 2.125).6641 | 1,4112

0.1628

1,37510.125} 0,1719 1,06 p.1822] 0.1931

0. 0002

$.12612,375}0.2968 | 2.18 {0,.6502 |1.4239

0,1395

1
2
T3
4
5
Z 1.1408 1.7790 3,26€3

= 1,559 in,

y

L7 1,799
1.1408

ZA

I= ZI +ZAy2 -5 ZZA=O.804 i,

_ Mc _ {28.1)(1.81) _
Fb- T = 0. 804 = 63.3 ksl ‘wnsion

0. 804 = 54, 5 ksi compression

At1000°F F,_  =103.5 ksi {Fict.)

cy =72 kai

M,j

F

bru - 198 kst

Fsu = 68 ksi

_ 103.5 ..
M. S, 633 1=0, 64 tension

)

M.S. = %—2‘% ~1=0,32 compression

Bearinz (of Truss Tube Pins on Angles)

.3132

Abr = Dt = (0. 625)(0. 125) = 0,0781 in, 2 (for one angle and one pin)

p =38:398 _ 5000 1p (for cue sngle and one pin)

br= & S0)760 =123 ksl Fbm=198 ksl
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M. 8B, = 125 1=20.63

R B
PN A

¢ Shear
o R

A Maximum ghear across angles = ;nax = 372:590 =18,750 1b
A A = area of section - 2Dt = 1,141 - 2{0. 125)(0. 625)

2

n
S

>
I

1.141- 0.156=9, 985 in,

3 F_ =68ksi
M.S. = ample g

3. Top Angles on Inside Truss (Reference Figure 11)

48 -
°3 Ao

¥
»
o
[
*
\d
()

2 jif foc 3.5 -
ng i | @ @1.5-,- )

e

[
LN

«;‘

PN S,

3 |II® 2.5

| t=0,125
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Maximuin reactica = 37,500 1b (entire load)
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For maximum bending mo 2.1t assume entire load acting on onz
span:

w= —311*—85—0—0— = 2080 Ib/in.

- 531,500, _
Mmax— 6( 5 ) - 9 (2080) (3/2)

il

112,500 - 84,400 = 28,100 in. 1b

28.1 in kips

Mc - .
Fb i uge t= 0.125

U

Section b h A v Al a2 I

y y
1.8751 0.125 0.1719 | 6,0625 0, 0107 D, 00069 B, 00022

1.37510.125 9.1719 | 0.0625 00,0107 D, 00063 P, 00022

0.125]12.50 90,3125 | 1.250 {0.3906 P.48825 P0,16276

0.125]2,50 p.3125 | 1.250 0,3206 P,43825 P.16276

It FEC R R

v, 9688 0. 8026 0.97788 0.325%96

- ZAY 0. 8026
y —ZA = (2ou28 = 0.82844 in.

I = ZI+ ZAyZ -§ZZA =0,63914 in, *

4

I=0,629 in,

Mc fu’8.1§§1. 6“
A = = =17
“ I 0. 639 3.5 ksi tension

Fb.l =103.5 kst
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_103.5 . _
M.5, = 555 ~1=10.41

Fb = i?l = 208‘6139‘ 83) - 36.5 ksi compression

F =72ksi
. 8

=2 = C
M8 = gy ~1=0.97

Bearing (of Truss Tube Pins on Anglesg!

.2
‘A'br = Dt= (0.625)(0. 125)= 0.0781 in.(for ore angle and one pin)

P = §§z§9.9. = 9600 1b (for one angle and one pin)

2 9600

For™ Ay, o.o7a 1B

F,_ =198ksi

bru

M8 =28 120,63

T 123
Maximum Shear ~ Across Angies

Maximum sghear = :; =S 37’2500 =18, 750~1b

A = area of gection - 2 Dt = (. 9688 - 0,156
= 0,813 in.2

2= 1850 oy 1 kai

Ping (Attaching Truss Tubes to Top Angles) (Refercnce Figure 11)

B/2 P/2
< x

owrsewm erd |

gj Slotted boles in tubes
(Top only)
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e to che slotted holes in the truss tubes 2 bending moment (M)
is incuced in the pin

(X

P = ?fgg—g—g-%;— =19.2 kips

x = 1/2 +2(0.125/2) = 0. 625 in.

2] £
M= 3220220 - 5 98 in. kips
For 5/8-in, Diameter Pin
4

I=00075in% c=0.3125m. A= 2,307 in.2

_ Me _ (2.98)(0.3125) _ .
Fo= - = 0.0015 = 124 ksi

Fy,, =175 ksi (Reference 3, page 211)
all

P _1ma
Rp=% =15 =071
all

Double Shear

Y

19.2/2
= ¢ 19.2/2

g A < 0.307 =31.3 ksi

M.S, = ~1=0,09

Jm)2 + (26)

Use 5/8in. diameter pin

Tvbing Reference Figure 11)

Assume entire load is reacied at one joint
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_ P _ 19.2_ .
Fbr—Ah, 8. 110 = 175 kel
xbm=198ksi

198
=== .1=0,13
M. S, 175 1=0

Column Action

1
I=2w (rl"‘ - r24') = 0.1198 - 0.0491 = 0,071 in. %

Tube ig pinned at both ends, thereforec=1and L’ =1L
[T
p= «/A

A=q (’*'12' 2

rzz) = 0.443 in,

= F2L =4 m.

[}

L' _ 13

—'5 -0'.—4-: = 32,5

Fc = 80 ksl (Reference 1, page 1.1630-4)
all

-
0
{
|
i
e
Y
bl

-

Uss 1.25 in,G.D. x 0.125 in, tube

Ping (Attaching Trugs Tubes to Lower Angles)Reference Fisure 11

Shear is only factor (no slotted holes)
Double skear = 19.2 kips
Single shear = g, 6 kips

Use 7/16-in. Pin

Areg = 0.150

F_=68ksi
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Bottom Angles on Trusser (Reference Figure 11)
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Section AA
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Ay | Ay I :

3

EINARY

©

0 0,250 | 1.25 0.3125 10,3910 [0, 0833 ;

.00 P.250 | 1.25 |0.3125 }0.3910 10.0833 o

260,172 | 0.31 |0.0533 Jo. 0165 |0.0002
0,172

[ Len B3 [ XY X
U

G g
CIE

S0

T

m;thNH
[0 Lol Lo =8 (=]

S o]

4,21 10,0533 0.0165 |0, 0002
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©
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2

]
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¢

¢
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»
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o e ar

v 3
0,125 ;0.1095 ji, 137 [2.0037

1.719 0.8411 0,8287 6.1707
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Vew— =t =048
™= 2 -
1=)1 +ZAy - yZZA = 0,1707 + 0, 8287 ~ 0, 3950
I=0.588 .2
Assume that undar loading conditions the ground under the plate
will settle untdl the load is evenly distributed over ths surface of
the plate.
Maximum moment occurs undsr an load
0 s
M___=0,1071 WL~ (Reference 2, page 2-133) :
M__= o.zoum) 2% =12.2 in. kips
Foo= =5-?(ﬂ—l%%m = 36.7 ksl tension
Ftu =103.5 ksi
M.S. = ample
F = My _ G2.21.48) _ 10 ksl compression
b I 0,588
Fcy =72 ksl
M.S. = ample E
Bearing (of Truss Tube Pins on Angles)
A, _ =Dt = (0.437)(0, 125) = 0, 0545 in. 2 (for one angle uz. ® ona pin) ]
P = 3,600 kips (for on= pin and ons angle)
_ P _ 9.6 _
For = A = 0.0535 - 110 kel
198 012 Fbru =198 ksi
M.S,= 176 - 1=
Shear g
Maximum shoar = 214200 = 18,750 1p
A_ = area of gection - 2Dt =1.719 - 2(0. £37)(0. 125)
A8 =1.61
_P _18.750 _4; 4
s A~ 1,61 ) F_, =68ksi .
1
Mo L) = mle :
87 H
%
3,
U
;
§



Aﬁwg
PR

o ou
e 52 5 o
il g9

P
PR ORA

©o
SEVSBURY SN < WU

T o —
'3

WO
>
-

2
R

o
s

o

.,.
N SO, 4

Gy g, G VO e .
W, T W p
NI :

<y R e

IS

«
PN
@

L

s

O, O T T T T O e
g T g 20 « N

o

AR T
©

A
b

AWMK *

e

% T
o, 8 ) o

©q ’fé

. o vE
g

s

IS
| » o P
e m,;&m».,_"/gn;w._ he

N 3

o
L PR

g Y]

2
B R N

T T g —
Ny - 0y N
8. Z (2

o

£
A e

e S e -
e e N
i) [T . -

R

Tension Bars (Reference Ficure 9) I
Azsume 1) 20, 900~Ib airerafi §
2) Load factor of 1,25 (drift 1anding oznly) -
3) Side load = 0.8 X maximum gear load i
{0, 8)(20, 000) (1. 25) (2. 5) i
2 s
= 15,000 Ib ultimate (for each gear) '7
4) For design purpcses assume that all sids load is faken ]
out in two bars, eithsr tension or compreesion ‘
15000/2 15000/2
60°E; j SOfE ;
27T 2T
15.000 - ]
- .---3.—-”—— - 'S
T = o = 15,000 b ultimate (7500 b/lug)
Tensgion (for Methou of Analysis see Reference 1, Section 1.6200)
P = 7500 I (ult) P, = 5000 1b (imif) i
e _ w_ "D _
D - 1.6 D "'302 t 1'67
At=(w..n)t= 0.516i.n.2 :
A, ~ Dt = 0.234 in. 2 :
¥ )
:
Por = Epp) ) (B
K, .=1.55 (Reference 1, page 1.6200~13) ?
F’m =103.5 kel 3
P, . = (1.55) (103.5) (0.234) = 27.5 kips ;;r
M., S. = ample {
P = 7,500 kips j
i
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Fension

P = EEL A

r—-l.&)-m

7
%

i.0

Section BB

Kt = 0. 905 (Reference 1, page 1.6200~12)

F, =103.5ksi
Py = % 905)(108. 5)(0, 516) = 48.5 kipz

P =17,50Kkips
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Tension Yield i’
P, = 0, JE A E
K‘bry = 1,55 {Reference 1, page 1.6200-14) 3
F, =72ks i
o ;
P, = (1,55)(72)(0, 234) = 26.1 kips 3
w 24,5, = ample .;
P =5 kips 3
d |
Compregsion Bearing
Bearing ;
__P i5.9 _ :
Fbr-_ﬁ;: =0- 468 32.2 ksl b
F, =198 ksl M.8. = ample
Column Action
- 1 ) 1 N\N\3 n onti
i =§0n3 =4 5y = 0.0833 1n.” (Section BB)
A=1m.?‘ c=landL’=%L
= I = = i
Fo x ,0. 0833 = 0, 28911,
L. 13 _
o “G.288 ~ %0
F_ =59 ksl (Refsrence 1, page 1,1630-~4)
“all
=2 _15 _ =
Fc =x =7 15 kel M. 8, = ample
Pins
5/8-in, pin - pins are in double shasar

As = (2) (areq) = 0.614 in.2
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; i ¥ o 68 kst M.8, = amp
; 4 Fitdinz
D 3

o™

o3 v Single lug fitting

> < ; 15000 ib

ot 5 A

24 1

o i // 1.0 in. rad,
E I e A r _
1:*5 5 pow>  awn -———-—l- \'/

% 0,625

i

-

S b 0, 625 - e 2.0 —>

= . %

ot
PR

OB
AN et
-

w=2.0in,
t = 0.625 in.

i ‘%‘
“ At=(W~D)t=0.86m.2

i e «
74 2

“O h e
i ‘ € -1.8
! ' D e =1.0in.
% : wo_
AA : D =32 D = 0.625 in.
...\_j z ey

D

t

n
[

»

éi% ) Abr=Dt= 0.39 in.

s | g (For method of analysis see Reference 1, Ssction 1.6200)
"ov;.si .

o% H Bearing

o

¢ :;

P ™ Ko) Ed B

d Kbr = 1,47 (Reference 1, page 1,6200~13)

o X

Ftu = 103.5 x&i

) P, = (L.47)(108.5)(0.39) = 59.4 kips

N2
- C
TR T < P g

P = 15 kips M, 3. = ample

R 61
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Tension
Pop = BIFL) 4
Kt = 0. 905 (Reference 1, page 1.6200-12)

Fﬁl =103.5 ksi

P, = (0.905)(103.5)(0. 86) = 80. 5 kips

P = 15,0kips

., S, = smple

Tension Yield
P = o FdBpy)
Kbry =1, 47 {Reference 1, page 1, 6200~14)

F =
ty 72 kei

P, =(1.47) (72" (0.39) = 41.3 kips ‘
Py = 10 kips

M., 8. = ample
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9. Analysis of Air Deflecting Vanes gt 1200°F, Usiny A-286 Eizol ~
20, 000-1b Aircraoft (Reference Fizure 8) .

13 psi Uniform Proscure

A I N

pe— 3, 00—

~d ;

8 -\ T— 3
A —
x N 1

t=0,125 ZTopa.t:gles

on trusees

L

e Deflecting vane

\;/)(—2.0

Total depth of vanes = 7.50 in.
Length of /ane = 8r = (0. 785) (8) = 6.28 in,

srarnedond
Por design purposes assume IHine wide strip simply supported at beth

ends with a limit load of 18 Ib/in. applied uniformly. Assume stirir to
be fiat.

w Ib/in.

p—rm——e— §, 28—

R R

w = 18 (1.5) = 27 Ib/in, {ult.)
Maximum berding moment (M) at center

2
M = WaL?“ - D628 - 335 1n. b = 0.133 . kips
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t =0.125

i
L
] L ois

loo ’s

- Ll3.L 3. in,
I = 5 bh° =<=(1)(0.125)° = 0.000262 in.

= 0.0625 in,

Mc  (0.133)(0. 0825}
Fb =3 = Lmom =51.3 ksi tfension and compression

Fm = 88 ksi

Fcy=7l.8 ksl 1.8, = -1=0.40

Check for Bending Along the Vane
Use full depth of vane = 7.50 in.

Agsume t entire load acting down on the vanes is reacted by ¢.25 x 2 in.
strip at bottom of vanes,

Totzl force acting down = 18 {1.5)}(3){7.5) = 607 1b (ult)
Assume this Ioad acting uniformly 2leng strip.

1

i
L i wi/in. ]l
L—__7,5._4

1012 ———n

e 0, 62

Assume ends simply supported

_(1.5){81)(4.37) _
Ry =""10.12 262 1b
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BB = 607~-262=3451

1Jax, moment occurs at zero abear
ZV=O=345~X81

- 345 ;

. Max, moment cccurs 4.27+ 9.62= 4,89 in, from right end
M = {4.89) {345) - 4.27{81) {4.27/2)
XM =1705 ~ 735 = 870 in, Ib = 0.97 in. kips.
Me
I

Fb=

L . ,j L 2.25

1 1 3 2
= -bh® = = (2)(0.25,° = 0.0026 i,

¢c = 0,125 in,

Me {0, 47MG, 125)
T = S cdoemmid I 45
N I 00028 4% rai tension and compression

F,, = 88ksi 1.8, =~8—g- 1= 0.95 tengion

%
71,4

F = Ti.4ksi RS, =
cy

Chkeck of Support

A = 9,38 ~0.375 (0.19) = 0. 31 in, 2
Py A Fy, =0.31(88) = 2.3 kips 1.8, = conia

€5

YT 1= 0,60 compression
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For Section ) cnly fthin circular shell)
2

>

= 2Tt = (2)(L 05)Z. 0)(0. 05) = 0,189 in,

w
[
it

r (1-%%: 1 (1- 0.825) = 0,175 in,

2
I = r3t (o + gin ¢ cos & - %—‘1) = (1)° (0.085) {1. 05+ 0.433 ~ 1,43)
4

11 = (.00477 in.
For entire section
| Section| b k A ¥ Ay | ay? 1
1 - - 0. 1890 ﬂ; 505 Oc 0%4 Oo %82 0- 00477

2 2.8 6.09 0.2250 [0.045 |0,0162 |0.0048 [0.00015
3 1,25 10.09 0.1125 {0,045 | ©.0051 10,6023 19,00008
4 1.9 0.1256 |0.1250 !0.153 {0.01%4 }0.003¢ {0.00016

z 0.6515 0.1301 0.0581 O.00516

243
_ _0.1301 _

1

L
Y1 +YAy% - 5%) A = 0.00516 + 0. 0581 - 0, 0261
4

[
]

0,0372 in.

Beam gpan = 9.0 in.

w Ib/in.
A
e 9.0 >
w = (27 b/in.%) (6,75 in.) = 155.3 Ib/in.
Maximum bending moment {31} at ceuter
Lod 2 23 2
= I - CGEBIIOF - 1570 tn. 1y, = 1.57 tn kipe
67
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Voight Calculstion ¢f Modals

Weizit of Outsida Trusces

Top anglos = sxea x length x 0. 287
= {1.1408)(£48)(0. 287 =15.7 Ib/truss

Tubing = area x total length x 0, 287
= (0,443)(125)(\.287) = 15,9 Ib/truss

Bottom anzles and plr ts8 = area x lsngtl x 0, 287
= (1.719){48)4.287)  =23.8 Ibfiruss

Totel weight of outside trusses=1310,8 b
Weight of Inside Truss

Top angles = area x lengthx 0.287
= (0. 9688)(48)(0.287F13.4 Ib

Tubing = area x total length x 0. 287
= §.443)(125){0.287) =15.91b

Bottom angles and plates = area x lsngth x
= (1.719)(48){0.287) =23.8D

Total weight of inside truse = 53.1 Ihs

Weight of Tension Barg gnd Fittings =40 Ib

Weicht of Deflecting Vanes (8 vapsg)=13.51b

Weicht of Floor Sheet =18.7hH

Hardware =103
Total Weight Without Grid =246.11b

Weight of Grid =150.7b

Total Weight of Module and Grid= 396.8 Ib

69
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TABLE 3, CRITICAL STREES LEVELS AT 1000°F ~
Wi. A/Cin Ib 20000 30000 40000 50800 Fejl

Top Outside Angles

1) Max, Ten. 63.3 6%.6 71 60 103.5

2) Max. Comp. 54.5 57.8 58 50 72

3} Max. Bearing 123 185 189 145 128

4) Max. Shear 19.9 25.2 316 26.3 68
Top Inside Angles

1} Max. Ten. 73.5 79.6 78.5 €53 103.5

2) Max, Comp. 36.5 43 45 38.6 36.5

3) Max. Bearing 123 155 189 145 123

4) Max. Shear 23.1 31 36.9 31.4 23.1 T,
Upper Pins

1) Max. Ten. 124 122 136 137 175

2) Max. Comp. 124 122 136 i2 175

3) Max, Shear 31.3 32.6 37.1 40 68
Tubing

1) Max. Comp. 43.3 65 78.5 62.2 80

2) Max, Bearing | 175 204% 205% 177 198 -.
Lower Pius

1) Max. Shear 64 58 43.5 54.5 68
Lower Angles {

1) Max. Ten. 36.7 54.3 72.8 62.8 103.5

2) Max. Comp. 10 15.1 20.2 21.8 72

3) Max. Bearing | 176 202% 200* 168.5 198

4) Max. Shear 11.7 19.6 24.5 25.5 63
Tension Bars

1) Max, Tens. 15 22.5 30 37.5 103.5

2) Max, Comp. 15 22,5 30 37.5 50
* Acceptable negative margin

All stregses in ksi,
70
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SECTION VI
CONCLUSIONS AND RECOMMERDATICNS

A, SUMBIARY

A research siudy was conducted to determins the dasign and mamifascturing re~
quirements for a portuble VTCL blast controliing platiorm. I this study,
thermodynamic considerations, design criteria, a materials survey, and siruc-
tural analyses were combined with a review of mamfacturing requirements to
produce a design concept for such a platform.

The formulation of this design concept was also based on ease of handling and
erection of the platform in the field, The minimization of special tooling, the
uge of the simplest manufacturing procedures, and cost savings in all areas
were algo considered as factors affecting design.

B, CONCLUSIONMS

A portable modular VTOL biast controlling platform iz entirely feasible for use
with aireraft of varicus weights and engine exhauet characteristics. Manufac-
turing methods required #- produce such a3 glaiform are in no way specialized.
The design concept conceived meets the established requirements for field use.

C. RECOMMENDATIONS

Before detail design of production medules and platiormis can be accomapiished,
intermediate programs must ke conducted. The first of thesge is the design and
construction of an experimental plaiform with a configuration which allows for

angular adjusiwent and replacement of the deflecting vanes and variation of the

exhanst area. This platform should be tested with engines and simulated air-

craft structure (only engine exbaust lecading and temperatures to be applied) to in~

vestigate such factors as optimum platform configuration, effects of temperaiure

on platform and aircraft, heat dissipation, and effect of the platform on noise
level and thrust,

In the second program, the results of thig investigation should be applied {o the
design concept and a prototype platform designed. Proiotype modules must be
subjected to static testing. Subsequent to this a prototype platform large encugh
for the takeoff and landing of VTOL aircrafi should be manufactured and tested

not only for validity of platform characteristics, but also for effect of the plat-
form on the aircraft.

The results of this second (protoiype) construc’ion and test program will then be

combined with all previous data in order to opiiinize design condiguration of pro-
duction plaiforms.
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{
SECMIGIY 1.6200: ARALYSIS ©OF LUGS A
1.6210: REFERENCES fg
(a): ANC-5 (Including Amendment 1)—“Strength of Aircraft Elements”’— 5B
June 1951 oy
(b): RAC Structures Handbook — Vol. II—“Structural Methods” M
- ;‘i
1.6270: NOTATION b
The notation used herein i3 in accordance with the standard notation described %
in Section 0.1000 and listed as follows: — zfé
A = Area (usually minimum appropriate asrea), Square inches o
B = Load distribution factor for outside lugs, non dimensional W
D = Diameter of hole in lug, inches =
e = Edge distance from center of hele, inches e
F = Material allowable stress, ksi f;
f = Calculated stress, ksi f;
g = Gap between mating lugs (if any), inches 3
K = Efficiency factor o g
M = Applied bending moment, inch-kips é'@
n = Total number of lugs, (both fittings) ic
P = Applied load, kips (without subscript, refers to total load; with sub- § ‘i;
script, refers to appropriate condition, iug, or ‘?g
bushing) }4
P = allowsble load, kips i
r = Geometric factor, non-dimensional = ?—:tE-/-z- %
i F
t = Lug thickness, inches .
W = Lug width (see figure 1.62001-1), inches F\%
8 = Angle between loading direction and lug center line, degrees <
{6: 0°, refers to axial load } ’ ~"§
© = 60°, refers to transverse load 5
¢ = Pin bending moment reduction factor for peaking of loading. %
Subsuripts : ,
; = inside lugs of female fitting (see figure 1.6200-2) v
= outside lugs of female fitting (see figure 1.6200-2) (&
2 = lugs of male fitting %9
» = axial load
» = bending, (F,, bending mednlus of rupture) P
»e = bearing, (Py, refers to a combined shear —bearitg failure) 71‘
bu = bushing ! J\g
¢ = grain direction 8
< = compression 24
L = longituding! r~in direction ;
76 v
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’ + = transverse grain dirsction

o 1 = short transverse grain directioa

S mun. = minimum, {{Py) n.a 18 the smaller of Py, | 22d P}

H p = Pin

® . = shear

:i,‘, t = tmsim

to « = transverse

s s = ultimate

i ) = yield

£ 1.6220: SUPAMARY

K A method for the structural design analysis of lugs and shear pins is presented

] herein. Design curves for the various corrzctior factors necessary for the design
o analysis are snown in Figures 1.6200-7 to 1.6200-12.

i The necessity for this new method was emphasized when experimental in-
> vestigations of lug-pin combinations, with lugs of various materials and geometries,
: disclosed that the existing co~entional methods of analysis were conservative in
3 some respects and unconservative in others. The two predomivating factors which

adverscly affected tae use of the conventional methods are:
4 (a) effect of ductility of the rnaterials (which varies with grain ds-

. rection)

H (b) incomplete evaluation of the effect of stress concentrations. Correc-

tion factors have been determined to take ‘nfo zccount oIl pessikls
effects and are shown in Figures 1.6200-7 to 1.6260-12.

‘ 1.6230: LUANTATIONS OF METHOD OF ANALYSIS
: {2) The method of anaiysis presented herein is applicable to aluminum and
steel alloy lugs of uniform thickness and under loading conditions shown in
; figure 1.6200-1.
¥
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(b) The ~1ethod of analy-is is applicable only when the lug thickness is
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1.6243: LOAD BISTRIBUTION TO UGS

A satisfactory design analysis of an individual lug can only be made if the
correct distribution of the total load to each of the lugs is determined. Congider
first the three-lug connection as shown in figure 1.6200-2(a}. The load distribution
to the lugs is

P1=Pg =

1

i

Pg = P
This load distribution is shown in the form of a facter in the B column of teble
1.6200-1,

For multiple-lug connections, figure 1.6200-2(b), the load distribution is more
complicated. The load distribution factor » is obtained from Table 1.6260-1 for
the proper tota! number of lugs (n). Therefore the load distributions to each of the
lugs is obtained as follows, assuming that the thickness tp of the cuter female
fitting is 2 at,:

2P

P = ———
'"4p4+n-3

26P

P e

P

Pz’-:

n—1
As an example, for the lug-pin connection shown in figure 1.6200-2(b).

| Py
P —
e P
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HSUNE 1.62702
75 Pace 1.6202.3

g L

PR VAR

.




3 B e St TRem 2 i 0
g’;; 5 . _.; PR 0 : "ﬁj
‘cw‘{:' . - - R “‘”f > B :»r_hf‘?
(E_: én_ ' ~ ‘;* = ‘._ ~ /:. “5‘ /)?
R, - - ~ = N < N
3 - X - ER
Lg - - z . 45_:‘
N
{ 3
4 -
Y -
5 g 1 3 ) : N § ; 3 ; : ?2 - ; ' »
@ . _ REPUBLIC AVIRTICR - -
dkd D £ T —
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5 T e
w : n=9
:4}, Therefore
Y - 2P -
A Pt ro—s T ¥
. Pr = .43 (.259P) = .1i14P
%
7L :f' 2?
- % P, = g5 = 250P
o
22 — :
1% S ; TABLE 1.6200-1: LOAD-COEFFICIENTS
503 ltem Cocflicients
55
1 - Totul Number of Lugs (a) {b)
R {Both Sides) 3 K Ky
Bk o
B g
3 ; é 3 o =t = .50, 1.60 25025+ 4g + v%2)
: 5 | 35 .50 070(h + 4g + +12)
5 %95 7 40 53 083t + 4g + 12}
U S 9 43 54 093(t + 4g + 7h)
W Ti 44 54 098l + 4g + vi2)
“;;’ © S0 56 25 4 4g + 1)
%:5 {a) Ks = Shecr Factor, Non-Dimensional
3 {b) Kb = Bending Factor, Noa-Dimensional
oo, 1.6250: METHOD OF ANALYSIS
Lo Yg_é In the analysis of lug-pin combinations under axial tension Ioad the following
% modes of failure should be checked for by the methods presented:
;“‘\ s 3
4 1 {2) Tension across the net section. Because of the inherent stress concentra-
i . tion, the load carrying capacity is reduced.
N . ¢ (b) Shear tear-out or bearing. These two are closely related and are covered
© ; by a single computation based on empirical curves.
Rl (c) Hoop tension at the tip of the lug. No separate calculation is required since
7 ] the shear-bearing allowables preciude hoop tension failure.
. (d) Yielding of the lug. This is considered excessive beyond a permanent set
WE of (.02 x pin diameter).
@.
N i ¥ (e) Excessive yielding of the bushing (if & bushing is used).
A g (d) Sheering of the pin.
Q : (e) Bending of the pin. The pin ultimate strenguh is based on modulus of
oL “2 2 rupture.
5 o»%‘ l
¢ 5 g Page 1.6200-4 79
T .
J"/ og 4 :
8 %
g, ! 5?
¥ 0( |
b ol
6% {i
R . m—_ D - - T I T - e B
e:;/ - 1:;
N sape 3
S F - SR
- v

o M+ 8 e st T | it <o SRR - n s e € v ey v

fripe-cty e = g ey e T



Fon [ S

N,
4 X
3

0

&

|

:b g: ‘o - ~ g P 7
Pog - T z
‘965;,: = T e N s 'VT" :,; ‘.x Y ~
R ~ e i
g g 8
b R
1 , - |
1 REPURBLIC AVIATEOR T
O.Og: q X ey ,_L\)«ﬂz'ﬁl&(/» - .
3 SIS 41T o
7 & - i )
-t 1.6260: FACTORS AND DESIGN NCTES
2 | (a) Pertinent fitting, casting, or bearing factors shall always be used in the
‘_)3:- ’ analysis. For “joints having motion” the provisions of paragraph 2.61122,
R i reference (a). are applicable to bearing stresszs only. If in any application,
B 6% ' move than one of these factors are applicable, they shall not be multipliad,
o2 but only the largest shall be used.
"S?;ZE J (b) It is desirable for the analysis of important lug-pin assemblies to show a
o minimum margin of safety of 9.20, fer both lug and pin. This shall be
KX considered in both yield and ultimate strengths.
O () If nc bushing is included in the original design, strength should be provided
Y to maintain the desired margins of safety should the hole diameter be
13 3 increased to include a bushing, i.e., equivalent to the next size belt or pin.
K Marsgins of safety, however, shall be expressed on theé basis of the actual
?:;' pin size and lug hole diameter shown on the engineering drawing.
& (d) For three-lug connections, one lug on each side must be analyzed unless
A : it is obvious which lug is critical. For multiply-lug connections. one outer
5E : female lug g, one inner female lug ,, and one male Ing ., must se checked
! to determine the minimum margin of safety.
L
% 1.6270: ANALYSIS PROCEDURE —AXIAL LOAD
o (a) Determine the yield and ultimate loads for each lug by the load distribution
- procedure (Table 1.6200-1).
oj (b) Determine the pertinent fitting, casting and /or bearing factors.
;i_g {c) Given the pin and lug materials and the dimensions ¢, D, ¢, and W (cee
3 figure 1.6200-1).
o {d) Obtain applicable material properties from reference (a) and for aluminum
. alloys, include the cross grain data listed in Table [l
Lo £ TABLE 1.6200-Il
M { ‘ SHORT — TRANSVERSE GRAIN TENSION PROPERTIES
ol ALUMINUM ALLOY
Y;"%j Material {Frln (Feyds
- , 14ST and 75T hand forged billet 0.90(Fulr 0.96{Fyk
3 ‘ 14ST and 7587 die forgings® 0.85(Fw)r 0.90{Fy i
75ST plate (these values may abso be 0.85(Fu)r 0.85(Fy)r
used to approximate values for other
Y aluminum alloy plate)
Mg 755-T6 exirusion 0.98(Fn)r 0.98(Fy )
ok 14S-T6 extrusion 0.97(Fuh 0.98(Fyh
5 i *.Dis forgings ordinarily do not have a definite ond predictable grain direction; the ‘N’ valves
: given are propertiss atross the parting plane and ordinarily need not be used elsewhere.
‘[ NOTE: — Subscript T = long — transverse grain direction
o 05 ‘ Subseript N = short — transverse grain direction
| i
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(¢) COMPUTATIONS ' LE _ ‘
Dl > e - ) )'J > -
& Wt : e iw

(f) i) lug . ,
(use appropriate subscript; 1, g, or 5 foreachi lug; » used as. exaniple)
Allowable shear-bearing ultimste,load: ‘

(Pbtu)! = [I{'b:{Ftu); Abrl:
K, from figere 1.6200-8

(M.Surds = (%u*-“») —i
Allowable tensile ultimate load: ] 2

(Ptu)! = [Kt(FN)K AJ’
K, from figure 1.6200-7

Allowable yrald load:

{Py)l = {Xbry (Fty)g Abs]‘-‘
Ky from figure 1.6200-9

(A1.8.,): =‘(§i):~ 1

(Note:_ Yield test for Iug should always be checked as it is
_freguently reached at a lower load than would be
anticipated from the ratio of Fy, to ¥y, for ths
material)
i) Bushing
(use proper subscript; ;, g1 or » for each bushing , used as example)
Allowable yield bearing load:
(Pbry)2 = (l .85 Fcy Ab‘-}z P
(M°S°bry)2 = (—E!) -‘1
2

Py
i) Pin
Compute
N H g
IG-9%] ‘
T = ot Sl ;r:
D 2/t], e P2/2

Take the smaller of (Py,,), and (P,,),

REFUZILC AVIRIGN - .o

designate it as (P,); ~ y(t2/4)
AS -
(Pu)z }
Compute {'(F‘ e Aude FGURE 1.6200-3
Pego 1.6200.8 81
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Determine v from Figure 1.6200-19 and X; from: Tamc 1;6280-!. The &ctm'
Y mectsforthefacttfmttheloadontbepmwnc*umfom}yéwuibuted

Caiculate the maximum bending moment )
M, =K, (P), (nkipsj K from Table 1.6200-D}

Corresponding beading stress
Mc .
b = nf‘: (kezi) Fy
MSy,=—~—1
£
Maximum calenlated shear stxess
1.33 K,(P)h .
£ = (k=)
Ay
K, from Table 1.6200-1

MQSO‘Q = %_— 1

1.6250: OBUQUE AMD TRANSVERSS LOADING AMALVEIS

{a) ) T

RTSUIE 1.6200-4

Lugs may be loaded either obliquely or transverse to the axial direction as
shown in figure 1.6200-4. An empirical correction factor was determined experi-
mentally from tests to take this type of loading into account. The empirical curve
is shown in figure 1.6200-11. Multiplication of the axial allowable load of the lug
by this correction factor gives the allowable load when the load is applied at an
sngle to the axis of symmetry.

It shouid be noted that the allowable transverse load should never be telken
as less than that which could be carried by cantilever beam action on the area
A, a3 shown in figure 1.6200-4(c).

This load is very approximately indicated by the curve shown in Figure
1.6200-12. If Kuvu i3 below the curve, make a separate cantilever beam action
for section A1 Page 1.4200-7
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1.6270: SPECIAL KOTES AXD APPLCATION ;

% ‘
B (A) ALLOUAEIE EZARING SYRESS O MATERIALS

Reference (a) sts for the pertinent materials the appliceble values of sliowable §
bwmgsmfornvalummlf)andz.o butthcyareomlyvakd'“?!sstm ‘

or equal to 5.50.
For geometrical conditions outside of the above ranges, the aliowable bearing X
stress may be detesmined in the following manner: ¥

'i €
y (i) Ultimate allowable bearing strese; :
% For pa:ﬁcu!a:-?-and%obtaﬁx Kp. from figure1.6200-S . Then :
¥
§ Fira = Eir (Fu)y
3 : (ii) Yield ellowable bearing strers; use the Xy, of (3) as the shecizsa for
e g Rigurs 1.6200-0 and obtain Ky, Then
: g Py = &, Khy (Fty)x
P
b {B) IBRECULAR LUG SCCUON — BEARING LOAD BSTRISUTE OVIER
oo ENVIRE TOICHIISS.
T’cgi For lugs of irregular section having bearing stvess distributed over the entire
‘; thickness, an analysis should be made based on an equivalent lug with vectanzular
] gections having areas equal o the original sections.
) Example:
& a
F ) B M —l_.
|55 : G ogr
E:“ 1 AB B i— --3!. D_a_ 7 ST AA
o A o —_ :
5 @ m—— :
@ 3 T_»- Liejo-lasf © 55C B0 :
| fé 1 SR X I i
b, 4 , :
;3 ] REBURE 1.6200-5 ;
e : Solid lines show actual lug. Dotted kin¢s show equivalent lug for calculation. :
i o’ : >
% 4 Page 1.6200-8 8 (Revised: 3-23-56)
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FGURE 1.6200-6
If the hole is laterally eccentric as shown in Figure 1.6200.6(a}, {ex less than ¢5);
Assume e, = ¢; and make edge distance ‘¢’ of equivalent lug equal to edge
distance ‘e’ of actual luz. The lug allowables shail be detesmined by obtaining
Pirus Pry» and Py, for the equivalent lug shown in Figue 1.6200-6(b} and multi-
plying them by —
&+ ¢ 2D
2, + 2D
Exomple — Axial Leod
Consider the three lug-~‘n combination shown, (comparable to Figure

1.6260-2(a)).
Determine the minimum M.S. for an applied axial load of

P, (ultimate) = 150 kips
P, (yield) = 100 kips

The lug is made of 7075S-T6, the bushing is 4130 steel (hardened) and the
pin is 4340 steel (180-195 ksi).

P 2097 "“"—‘N

—Ll&é_‘tﬂ—
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Load Distribation: (refer to Table 1.6200-1)
B R
Pody, = '53 = 75 kips

®Py: = P, = 150 kips
(?,)x = P, = 100 kips

1. Check lug (1):

(a) (%)f 1.31 (f-g-)‘—- 207 ('?)f 1.015

(&) = 1.150 in}
(Ape) = 1.077.in? -

(b) (Pbm)l = {Kbr (Ftu); A'oi']l
(Kph = 121 (Figure 1.6200-7)
(Fi)g = 68ksi  (Reference (a))

(O = 1.21 (68) (1.077) = 88.7 kips

(L{.S.)m = §78—5.Z - 1=.18
(c) P = fKt(Ftn)g A
(K, = .963 (Figure 1.6200-8)
(P = .963 (68) (1.150) = 75.3 kips
(M.S)e, = -7-755—3 ~1 = .002
(d) (Py)l = [Kbry (Fty)z Abr]l
(Kuy) = 1.06 (Figure 1.6200-9)
(Fey)g =58 ksi (Reference (a))
(P,); = 1.06 (58) (1.077) = 66.3 kips
MS)ory = 22— 1= .22

. Check Bushing:
(Pbry)l = 1135 Fcy Abtll
F., = 62ksi (Reference (a))

(Pb,,); = 1.85 (62) (1.077) = 123.6 kips
M.S. = Exe.
. Check Pin:

e n\D .
(@r= [(—5 - 5) -;]l- (1.31 — .50) 1.915 = 1,552
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(®) Poain = 75.3 kips

(Pu)min
[Abt (Ftu)gh

v =.568 (Figure 1.6200-10)
Lp=.2502t, +4g+vt)  (Table 1.6200-1)
Ry = .250 [2(.75) + 4(.23) 4 .508(.75)} = .700 in.

{c) M = Ko(P ) = .700(75) = 52:5 in-kips
@ Me .

= 1.028

= ,291 in?

Ll
2
4
|
2
3
(LR L]

f, = 52.5/.291 = 18€0.2 ksi
F, = 285ksi  (Reference (a))
M.S. = Exe.

() f, = 13B3K,(PH/A, K, = 1.0(Table 1.6200-1)
A, = 1.622 in’

f, = 1.33(1.0) (75)/1.62% = 61.5 ksi
Fy = 105ksi  (Reference (a))

The minimum M.S. is .002 and the lug is critical in net tension.
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FIGURE 1.6200-7: TENSION EFFICIENCY FACTO2S FOR LUSS

A7)
50 y 1
e Y —— K e A B |
okl 40 EF i
il I o -
30 ==
AwtZy AN SRR EE R R A
20 | : "“"*"'"F.r ; 1 lL
. - - STl e __._A',-- o
J, LOAD S ai i SRS S M
- - t; g o
10 -
0.4 0.5 0.6 07 68 0.9 1.0
K¢ = TENSION EFAICIENCY FACIOR
W _ _WIDTH
) HOLE DIA. Pew = Ke AulFeoly
STEEL ALLOYS ANC-5a) TABLE 2.111b: USE CURVE 1} HAND FORGED BULET
ALUM. CASTINGS 195-T6, 220-T4 & 356-76: WSE CURVE 5 145-16
BAR [[DiE FORG.|| EXT. PLATE s144> 14400 5360} >36M)| *
it [t [Nfo e Injfe i injja,nia o janiN 755-76
735-16
b 505 [0.5=1]|>1.0 =36(L) | >360 | S16M| D16 *
145.T6 slit|zle 2 4 6] 1 2 2 5 |e
t{ 24s-1642 4 |4 |6 s{3lafl 4 4 4
758-16 {1 112 |6 2 4 |6fl 2 4 4 5 |6
NOTES:
T NUMBERED CURVES APPLY TO THE MATERIALS NOTED [N TAELE
$ LEGEND: L, T AND N, INDICATE GRAIN IN DIRECTICN “C™ IN SKEYCH
L = LONGITUDINAL (WITH}
T = TRANSVERSE (CROSS)
N = SHORT TRANSVERSE (NORMAL
FOR DIE FORGINGS ‘N’ DIRECTION EXISTS ONLY AT THE PARTING PLANE
* NUMERALS INDICATE THICKNESS OF PLATE AND/OR AREA OF BILLEY
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@ R
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e _ EDGE DISTANCE f
D~ KOLE DIAMETER
Pb‘ru = Kbr Ay (Ftu)g
NOTES:
1. CURVE “A" iS A CUTOFF TO BE USED FOR ALL ALUMINUM ALLOY HAND FORGED BIULEY
WHEN TKE LONG TRANSVERSE GRAIN DIRECTION HAS THE GENERAL DIRECTION “C”
IN THE SKETCH.
2. CURVE “B" IS A CUTOFF TO EE USED FOR AtL ALUMINUM ALLOY PLATE, BAR, AND HAND
FGRGED BILLET WHEN THE SXORYT TRANSVERSE GRAIMN DIRECTION HAS THE GENERAL
DIRECTION “'C” IN THE SKETCH, AND FOR DIt FORCIRGS WHEN THE LUG CONTAINS THE
PARTING PLANE IN A DIRECTION APPRONIMATELY NORMAL TO THE DIRECTION “C".
2. IN ADDITION TO THE LIMITAVIONS PROVIDED BY CURVES “A™ AND “8", IN NO EVENT
SHALL A Kpr GREATER THAN 2.00 £F USED FOR LUGS MADE FROM 57 THICK OR THICKER
ALUMINUM ALLOY, PLATE, BAR, C% HAND FORGED BILLET. N
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